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Section 1
INTRODUCTION

rThis handbook has been prepared to provide dst _Aerospace Control~Squadronu(ADO)
personnel assigned to the Orbital Analyst position in SPACETRACK with detailed
procedures and standardized methods for accomplicshing their assigned tasks in
satellite processing.| These tasks are:
a. Domestic Launch
b. Foreign Launch
¢c. Debr s Separation
d. Proximity Determination
e. Element Maintenance
f. Decay Prediction
Each task represents a major orbital problem. A check list for each problem
is provided. The required steps leading to the solution of the problem are
identified. Analyst proceiures are described and cross-referenced to per-
tinent tasks. Computer programs which support the orbital analyst are or-
ganized by functional area and detailed with respect to their use, input
options and formats, and output format. Other system programs not of primary
interest to the analyst are identified and briefly discussed. Standard
system card formats, the system tape requirements, and the operating modes
are described in detail. Aids, charts, graphs, and other material which

assist in job performance are to be found in the appendix.




L May 1964 2-1 ™-1X-123/000/00
(Page 2-2 Blank)

Section 2
TASKS

The analyst is responsible for solving a variety of orbital problems. These
may occur independently or in numercus combinations. There are six such
problems, each constituting a task. Each task is described at two levels of
detail. The Check List identifies the major requirements of the task, and the
task description identifies a workable set of procedures which will suffice
for task accomplishment in a majority of cases. Each of the procedures is
referenced to a more detailed description of its use in the Procedures section

of tliis document.

The following tasks are described:

Task Page

1. Domestic Launch 2-3

2. TForeign Launch 2.9

3. Debris Separation 2-13
L. Orbital Proximity

Determination 2-15

5. Element Maintenance 2-17

6. Decay Prediction 2-21
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.1 DOMESTIC LAUNCH

Check List

Satellite classification

.1.1.2 Pre-launch information

Pre-launch folder:

1ACS Form 31
Calculated element set
Computed element set
Nominal hulletin
Nominal look angles
Launch memo

Launch messages
Lift-off time
Sensor notification
Adjusted element set ( O To)
Sensor notification

SPADATS object number

Internaticnal code name

.1.1.10 Released bulletin and look angles

2.1
DOMESTIC LAUNCH

™-1X-123/000/00
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n

.1.2 Task Description

2.1.2.1 Determine security classificatlon of satellite

2.

l1.2.2 Gather the following pre-launch information and initiate Form 31,

to include:

2.1

o 2]

2 0

[= > T o T4

a.

Nominal number

Day of Launch

PA = anomalistic Period (in days), or
a8 = semi-major axis

i = inclination

e = eccentricity

§, = injection latitude

A

= injection longitude

Time from lift-off to injection

Direction of satellite motion at I: northerly or southerly

2.3 Manually calculate a nominal element set (procedure 3.1), as follows:

Calculate w

:ifLJ- (N.); sin (180°-u) = —iﬁ‘L?ﬂ; (s.)

sin 1

wo = U, <¢i is -f); wo = 3600-\1, (¢i iS ‘)-

Calculate To:

E l - o wo o
Tan 3 = € ————;ifO S-—-S90,theno s§s9o
w
cot[' 180] [\/ :,cot[ 'IBOJ 1f 90° <-2—05180
then 90 < g < 180°

M = E —[:Ee sin E) (SYZiZJ S
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i

. Time of lift-off (in days) + Time from lift-off to injection (in days).

3
i

o Ti (in days) ~ At
NOTE: FNominal time of lift-off is assumed to occur at 0000Z hours
on the day of launch.

c. Calculate Qo (with 9, = 98.74077):
(1964)
- B ° 5
GGm =8, Eﬁo % 1.00273791) (360 E] ;
0

ER = At x 360",

o5 ). = COS U < 90°; (180° - ) = £C2 (1800 - u), 90° < u < 180°

cos —.Egg—ai, u ; COs AN) = cos ¢1

My . )M, =&\ - ER

Qo= 8, - A

\\'d’.

o =

Determine C from eccentricity vs. perigee plot (Fig. 2-1); where perigee
height (g) (in earth radii) = a (1-e).

2.1.2.4 Compute a nominal element set (procedure 3.1) using the 1620 launch

rrogram.

2.1.2.5 Ccmpare the nominal element sets and make the necessary corrections

on the seven--ard element set cards output by the 1620 program.

2.1.2.6 Duild a special SEAIC tape for the launch (procedure 313)_using the
SEAI program. '
2.1.2.7 Generste a bulletin (procedure 3.7) and look angles (procedure 3.8)

using the BLTNSGP and GLASGP programs (OCS 17). The security classification

oif the look angles ic the higher of the clagsification of the sensor or the

w

catellite. The security classification of the bulletin is the same as that
SRR AN

e satellite.  Ingure eppropriate sensor tasking.
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2.1.2.Y% Examine the bulletin and look angles for errors and release through

the Project/Sensor Branch.
2.1.2.9 Receive actual lift-off time.

2.1.2.10 Netify the sensors by phone of the time of their first rass, immedi-
£

t
ter lift-off and just prior to acquisition.

2.1.2.11 Calculate TO and Qoﬁ as follows:

a. Caleulate T,: Increase nominal Ty by 1ift-off time (in days).

t. Calculate QG: Re-calculate QO using TO'
2.1.2.12 Update the nominal element set to reflect actual QO and Toa

2.1.,2.13 Correct the nominal element set using reported observations.

nominal element set (procedure 3.5) usin_, the SGPDC program. This is usually

done after two or three revolutions ol data have been received.

2.1.2.13.2 If insufficient tagged observations are received:
a. PFrom BMEWS sensurs = separate all observatlions on the 410 tape
within the expected sensor acquisition times from the balance, using
the MAP, ORCON and OBSSEP programs; associate the observation on the
high-priority R-ispe with o1l element sets in the E-file (procedure
3.4), using the RASSN program; generate observation cards, using the
SRTMRG program; retrieve all unascoclated observation cards manually. e
b. TFrom other sensors - retrieve all possibly associated observation
cards.
¢. hAgsociate the cbservat:or: (procedure 3.4) with the nominal element

set, using the RADSN program in the SCHTP mode with lenient association

Dorrect the nomanal element set (procedure 3.5), using the associuted

sbuervations only, in the SGPDC program. .
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f.

If the DC fails, compute an initial element set ( procedure 3.2) using
IOHG, etc., or manually adjust the nominal elements (procedure 3.9)
as warranted;

Correct the element set again (procedure 3.5) using the SGPDC program.

2.1.2.14 If the DC is successful:

a.

Change the initial and final reveolution on thc seventh card of the

Publish a bulletin (procedure 3.7) and look angles (procedure 3.8).
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2.2 FOREIGN LAUNCH PROCESSING
2.2.1 Check List

2.2.1.1 Discrimination

2.2.1.2 Observation selection
2.2.1.3 Element set determination

2.2.1.4 HNominal element set adjustment (T. and Qo)

0
2.2.1.5 1Initial element set evaluation
2.2.1.6 Element set correction

2.2.1.7 HNominal element set evaluation
2.2.1.8 SEAIC update

2.2.1.9 Trial bulletin

2.2.1.10 Sensor tasring

2.2.1.11 Released bulletin and look angles
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.2.1 Compare Initial fan data with Beam Projection charts for discrimin-

.2.2 Examine initial observations for a major trend (procedure 3.4 and

3.10) and remcve those observations which deviate from such a trend. Retain

2.2.2.€ If ncne of the nominal element sets represents the initial ﬁg: data,
1

v calculate an element set using the initial fan data and selected

o
ey

crmation (procedure 3.1).

2.2.2.7 If the Initial obeervations are tracker datas, compute an initial
element cet (rrocedure <.2) using the IOHG program.

2.2.2.5 If the initizl cbservations are telemetry data, compute an initial
nt set {procedure 3.2) using the IOANGLE program.

.9 I the initial cbservations are geocentric rectangular coordirates
lceity data, compuate an initial element set (procedure 3.2) using the
ROC progranm.

2.2.2.10 If the ionc are simply two or more isolated radar

stations ond/cr on the same or different

rovelutions, compute an initial clement cet (procedure 3.2) using the IORF

2.2.2.11 Correct the nominal element set (procedure 3.5) using the initial

fourp duta In SOPDC progrom.,
2.02.2.12  Bvalunte the element get for gcceptability by examining the residuals

srd eloments Jor reasconable values ince

o e s il M
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At

A t range

A B

A B range
Perigee height
Period

Drag

2.2.2.13 If any of the elements is unacceptable, correct the element set

(procedure 3.5), using additional observations in the SGPDC program.

2.2.2.14 1If the DC fails, treat the satellite as an element maintenance

problem.

2.2.2.15 If the DC is successful, evaluate the element set for acceptability.

2.2.2.16 When all the elements are acceptable, add the element set to the
System SEAIC files and the SEAIC tape (procedure 3.3) using the Special SEAIC

program. A bulletin (procedure 3.7) and look angles (procedure 3.5) will be

generated automatically, as well as a trial bulletin.

2.2.2.17 Examine the trial bulletin for acceptability.

2.2.2.18 Insure appropriate sensor *asking (procedure 3.6).

2.2.2.19 Release the bulletin and look angles through the DSSO.
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2.3 DEBRIS SEPARATION

2.3.1 Check List

2.3.1.1 Corrected main element set
2.3.1.2 8Selected debris observations
2.3.1.3 Debris element set(s)

2.3.1.k GSEAIC update

2.3.1.5 BSensor tasking

2.3.1.6 Released bulletin and look angles
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=~

.3.2.1 Correct the main e

ement set (procedure 3.5) ising the mest recent
sbgervaticone in the SGPDC program.
2.%.0.2 Select from all asscciated observations (procedure 3.10) those which

s rather than the main body.

(S
!

5
4
T
Fog
re
,v‘
4
s}
i
e
3
0
o2
>3
-
4]
<
$ 4
)
e
Ry

t lebris observations with the main element set (procedure

%,i4Y, usins the REDUCT program or the RASSN program in the SCHTP mode.
>.3.2.4  Bxamine the residuals to identify groups of cbservations which may
censtitute major *Yrends related to debris objects (precedure 3.10).
.2.2.5 Modify the moin element set (procedure 3.5) (with a temporary identi-
Sficaticn nurber), using each group of selected debris observations in the

bris element set for each debris cbject.
2.2.2.% If the DC falls, medify the maln element set (procedure 2.5) using

<o time residuals of “he dehric observations in the SYSBULL program, pro-

Lng u debric element set.
2.%.2.7 Cuange +the temporary identification number tc the next usable

u
System SEAIC ©Ilcs and tne GEAIC tupe (procedure 3.3) using the SEAI program.

-~ i)

Z.%.2.4 Incure srproiviste censcr tasking (procedure 3.6).
2.7.2.9 Generate z bullelin and lock angles.

2.2.2.9.1 I the gebris ic from a fereign satellite, generate a bulletin
(rrocedure 3.7) wnd look ancles (procedure 3.8) using the BLTNSGP and GLASGP

soon as possible, ineuring appropriate

DLeLE e If wne Jeblelo 1o o Irvon & demestic satellite, generate look anel

sl
- rleg
/ ; OGNt s CTATAD 1oy crpnm v ‘ :
¢ viuve t.%) acirns the GLASGPE program (OCS 19), and release as scon as
;oonoitle, Grncurine sprropriate tecurity clussification. A bulletin is

P T A . epmpre s T ywgaes o A AR 3y |
counllor o rets regulred on domecstic debris.
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2.4 PRCXIMITY DETERMINATICL
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2.k.1 Check List - for orbiss related
2.5.1.1 Observation associgtion

2.4.1.
2.4.1.
2.4.1.
2.4.1.

Element set correcticon

N

Iritial proximity computation

ow

Final proximity computation

o

Proximity determination

A ]

o < = o |[EERE . s B oEE B -y
or ‘oreits relzmied w0 & gluern igean’ and Lizs

by

4 ~ . P r o
2.4%.2 (Check List -

.1 Initial proximizy computation
2

Eiement s=t correcriion

N
s
o
L

Final proxim:iy Ccomputatisy

[~ T e e A Ehayat +
£.4.2.4 Proximity determinaticn
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AV}

.

L.3 Task Description - for orbits related to each other.
2
J

4.3.1 Acsociate all observations (procedure 3.4) with one element set using

.
.
}
i

ot
®

RASSKN program in the SCHTP mode.

no
=

.3.2 Examine all residuals to identify groups of observations (procedure

3.10) which may constltute major trends related to different orbits.
2.4.3.3 Determine an element set for each orbit (procedures 3.2 or 3.5)
2.L.3.4 Correct each element set (procedure 3.5) with epoch time being the

time of nodal crossing for the revolution on which closest estimated proxi-

mity occourred.

2.4.3.5 Compute the time, distance and positions of closest proximity using

the XROADS program, with the time range equal to the span of time during

which closest estimated proxim}py occurred. L

2.4.3.6 Examine the XROADS program output for the sméllest proximity distance.
2.4.3.7 Recompute the time, distance ard vositions of closest proximity using /
the points of smallest proximity distance in the XROADS program and as small

a time range as is reasonable and meaningful. This may be repeated until the-—— =
analyst achieves the desired level of estimation acceuracy .

2.4.3.8 Determine from the final XROADS output the point, time and distance

of closest proximity.

3

2.4.4 Tagk Description - for orbits related to a given point and time.

2.4.5.1 Compute all satellite positions relative to & given time and
generate a Position Situation Report using the PSR program.

2.4.4.2 Examine the Position Situation Report to determine those satellites
within the required range of the given point.

2.4.h.3 Correct each element set (procedure 3.5) using the SGPDC program

2.4.4.h Recompute each satellite pogition for the revolution on which the
setellite 1 closgest to the given point and time using the GRNTRK pregram.
2.4.0.0 Determine from the output of the GRNTRK program those satellites

within the remquired range of the pgiven point and time.
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ELEMENT MAINTENANCE

7

5.1.1 Element set correction
5.1.2 BSEBEAIC update

5.1.3 Bulletin, look angle generation

2.5.1.% Sensor tasking

-1.5 Element set correction

T

2.5.1.6 SEAIC update

Return satellite to DSSO

o
-
-~

>.5.1.8 Unidentified observation association

5.1.9 Element set correction

5.1.1C Observation reduction
>.1.11 Element evaluation
2.1.12 Element adjustment

-5.1.13 Least squares correction

N3
o
[
o
=3

Julleting, look angle generation

\
]
..J

Sensor tasking

N

©.2.1.1¢ Release bulletin and/or look angles
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[

2.%.2 Task Description

-

2.5.2.1 Sufficient Observations
It sufficient observations are available, correct the last good element set
(procedure 3.5), using selected observations (procedure 3:¥0) in the SGPDC

program.

N

-5.2.2 If the DC fails, evaluate the element set as in 2.5.2.11 below.
2.5.2.3 1If the DC partially corrects the elements, re-evaluate the observa-
tions and compare the input elements with the output elements from the DC.
Correct ihe better element set again (procedure 3.5) using the re-selected
~hservations in the SGPDC program. This may be repeated as long as the
SGPDC program appears to improve the elements.

2.5.2.4 ¥ the DC is successful, updatethe System SEAIC files (procedure

3.5) ucinp the SEAI program. The element set may be assigned the next
ucable number as catulogue elements, or may be identified alphanumerically .

us test elements. Trst eclements are consldered less valid than catalogue

Z2.5.2.% Generate a bualletin rocedure 3.7) and look angles rocedure 3.8
~ e

ropriate using ue BLTNSGP and/or the GLASGP programs, 0OCS 17, or, if
b v ) s )

& d-term exicts, the GLAP program.

Z.5.2.5 Insure appropriate sensor tasking (procedure 3.6).

(
ohgervations in the SGFDC program.
£.5.2.56 Update the Syctem SEAIC files (procedure 3.3) using the SEAI program.
2zt elements were uced they must be deleted and the old catalogue elements
replaced with the new element set. Maintain the satellite until it can be
returned to the DSSO for routine processing.
2.5.2.9 Insufficient obcervations
I cufficient observations are unavaillable, associate .the.unidentified obger-
vatione in the system (procedure 3.4) with the last good element set using the

BASSH program in the SCHTP mode. The association parameters should have wide ‘

T v t N
clerances, and may warrant using a "blank” P-card.
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(Page 2-20 Blank)

2.5.2.10 Correct the element set using the SGPDC program as in 2.5.2.1 above.
£.5.2.11 Tf sufficient observations are-still unavailable, or if-for some

other reason the DC fails, reduce all observations (procedure 3.&) against the
best element set using the REDUGT program. An examination of past element sets

may reveusl the beginnine of the disparity between the observations and the

causs ol Lhe IV failure
£.9.2.13 11 the elements uffe-ted by the time equation appear valid, reselect

the cuservations (procedure 4 100 and/or manually adjust one or more of the

ainine elements {procedure 2.9) to facilitate successful differential cor-
roCt ion
2.1 Correct ths oloment set again, as in 2.5.2 1 above, to generate the
Lent pLsoshle element set on the satellita.
b2 1% It the elements sffected by the time equation appear invalid, or if
Yoew chsorvarions exist oo fasilitate a auccessful DC, generate a delta t
vooorevelution plot (proceduare 3107 of the residuals output by the REDUCT

prograv. s Detormine vhe order of the squatlon describing the plot and the

Saquiarcs points wileh define the plot.

2 5210 Torrsct the element sot {procedare 3.5) using the least squares
pelnte an the SYIHOLL progrom

<2 I werceste o bulletin {procedure 2 7) and look angles (procedure 3.8)

- o + , i I T
,A0 i 2 e 2 gl
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& ECAY PREDICTION

.1 Check List

5...1 King-Hele/Findley estimate

£.1.7 Decay folder:

a. Satellite characteristics

b.  IGPDC output

2 Senszor tasking messages

d. Bulletins released

e, Delta v vs, revoiution, period vs. revolution or period vs. day plots
. Look angles sceils

i ¥ing-Hele/Findley, Jacchia and other program predictions
. Finol decay messare
w.l.3 Differentinl correction, bulletin and look angles
.14 Sensor tasking
Goi.t Releucged bulletin and look angles
£.1.% Obucorvation arcociation and element correction
GU100 Josda predietion

£.1.6 T » od vo. revolution or period vs. day plot
.1.9 Obze . vation reduction
£.1.10 Leuct cguarec correction, bulletin and look angles
©.1.11 Released bulletin and look angles
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Z.6.2 Task Description

2.6.2.1 Bstimate the decay day {procedure 3.11) using King-Hele/Findley
program.
2.£.2.2 When the period is 90 minutes or less, initiate a decay folder on

the satellite, %o Include:
z. Satellite characteristics: tumble rate, motion, size, shape and mass.
b. SCGPDC output from a 90-minute period to decay
o. All sensor tasking messages
d. Bulleting released from a 90-minute period to decay
. Look angles released from a 90-minute period to decay
f. Delta t vs. revolution and period vs. revolution or period vs. day plots.
g. Fing-liele/Findley, Jacchia and other program predictions
. Final decay message

2.9%.2.3 Correct the latest element set (procedure 3.5) ucing all observations ]

.

in the SGFDC program.

2.4.2.4% Generate a bulletin (procedure 3.7) and look angles (procedure 3.8)

using the BLTNSGP and GLASGP programs (OCS 17).

.

2.74.2.5 Inscure apprupriate sensor tasking (procedure 3.6).
2.5.2.6 Release look angles 1o sensors.
2.0.2.7 Ascociate the additional observations (proce@gye 3.4) with the

latest element cet using the RASSN program.

N
: b}
o
O

srrect the latest element set (procedure 3.5) us ., the additional
associated observations in the SGPDC program. Repeat the generation of a
bulletin and look angles, coencor tasking, observation association and element ™
set correction until:

a. The DC fails, or

. The cencor system fails to return ovservations.
£.4.2.9 Wien cstimated decay ic less than one hundred revolutions away,

predice the decay revolution (procedure 3.11) using period/revolution data

rothe Joconls program; validate this by extrapolation of the curve on a ‘
syl oplot of period rs. revolution.

v
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-.2.10 When the DC fails, attempt to correct the elements (procedure 3.5)
nea Dpoterm In the REDUCT-SYSBULL-GLAP program sequence.
+2.11 Relecase look anples Lo sensors.

L.2.18 Manually gererate 2 delta t vs. revolution plot (procedure 3.11).

censor syctem fails to acquire the satellite in successive
ontte, the satellite nay have decayed.

<ammine tho various decay predictions and, when they agree, deter-
o uhe probabtle decuay day and time (procedure 3.11) from:

prediction

Marual plot of period vs. revolution and/or period vs. day.

c Manual plot of delsva L ves. revolution.

¢ Time cpan betweern the last cbhservation reported and the first pre-
dicted obsevration not reported.

2015 Gernerate the fina

o

decay message (procedure 3.11), including:

o Mumber

i hich satellite probably decayed.
¢ decay

d indicator on this satellite.
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Section X

PROCEDURES

A variety cf procedures are utilized to sclve ortital Jetermination problems.
Trey appear in varicus tass<s and in various combinaticrne. A procedure may or
may not involve the use of computer program support, and the fashion in which
It Is used mey vary from task tc tasx or from program to program. The re-

laticnship Te~weern itre procedures and the six taske descrived in Section 2

g
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144
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n
sl
[s¥)
2
44

1. Igmirel element set determination 3«3
z Trizizl element set determinaticon -9
. System Sernscr, Element, Acquisition, Inferzaticn
and Cemmunicaticr (SEAIC) files update 3-11
= Cosercezicn assceliazicm 3-15
. Elemer- ccrrezticn 2-19
<. Cerscr tes:<ing 3-21
- Zillietlrn gerereticn 227
. Lo angle generaticrn =25
9 Elemer~ set adliucstment 5=27
1. tzervallin selecticr 2-29
11, Derelr irediosion =32

K

4

\_\

Lty

’_C
D
3
v
oy

X
P
(D
1
"
M
Lat

1

L]
N




1 July 194L

3-2

™-LX-123/000/004

Tasks*

=

N

Procedures
Wi, Title
1. licminal element set determirnation.

2. Irizial element set determination.

3. SEAIC files update.

o, | Observaticn asscciation.
" Elemert correction.

b Senscr tasking.

7. Zulletin generation.

2 Iccr angle generaticn.
9, Flement set adjustment.
1C. Otservaticn selecticn.

12. Elerernt cornversion.

LT - T T T -

~

L T T T

T S T o - - -

o I I T o T T T -

- - R

w

Figure 3-1

rocedures and Related

*¥N-oze: Task tizles:
1 Demestic Lawsen
2 Trreism Lewmch
“. Detris Serarszicr

Iy Pv- o e D:"Qv*rv*v—a" o
Y = i ZR-3 %
. Elemer+ Mair-erance

Tasxs
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.ominal element cet Is generated from predicted orbital values in order to
rovide look angles to sensors so that the satellite can be tracked. Nominal
lements are determined tefore each domestic launch and may be required for

ccasional foreign launches for which initial observations are insufficient.

e nominal element set should contain values for the following orbital

b PA = anocmalistic period, a = semi-major axis or q = perigee distance

0
v
1

inclination — S
d. e = eccentricity
c. T. = epoch time

Ieowe = argument of perigee

1§}

. QO = right ascensicn

.2 Domestic Launcun Information

ational Aeronautics and Space Administration (NASA) or Space Systems Division

38D) of the U. S. Air Force usually supply pre-launch information before every

1.20% Inpdt
£ T .
1. Date of launch
T
A

(measured counterclocxwise from the equator, east of the ascending

node, to the orbit plane)

R ISR AR Pt A 3 1
¢, = lstitude of injection (I)

o s L.
- A

ongitude west ¢f injection

“. Direction of satellite motion at I: ncrtherly or southerly
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vectors) may be used in place of PA’ i and e, with the proper formulas.
3.1.2.2 Processing

Uren receipt of pre-launch information on a domestic launch, determine a set
of neminal elements in the standard format by manual calculation and by using
the I.B.M. 1620 Computer Launch program. The two nominal element sets are

compared and, if they do not agree, the disparities should be analyzed and

adjusted.

3-1.2.2.1 To calculate the Argument of Perigee (wo) on revolution zero:
a. Calculate the distance (u) in the orbit from injection to the

closest ascending node (actual or theoretical):

sin Q,
sin u = —————i, 1f the direction of satellite motion at I is northerly.

sin 1
sin ¢i

sin (1800—11) = ——
sin i

» 1f the direction of satelllite motion at T is
southerly.
L. Caleculate the Argument of Perigee (wo) measured from the theoreticual
ascending node on revolution zero to the perigee polint in the direction

of satellite motion:

woo=u, if T is in the northern hemisphere.
2
el . Lo N
w = 300Y-u, if I is in the southern hemisphere .
NOTE: Perigee is ascumed to occur at I

3.1.2.2.2 To colculate the time (TO) of the satellite's imaginary passage
threugh the ascending nede on revolution zero.

y [ DR e s - n"l v e v \'
a. Culeulate the Socentric Ancmaly (B):

l-e 0 @) l¢) [¢) E %)
—, If 07 2= — 2907, then 0 € — < 90"
1 + e 2 2

51
E - 1807 w, - 180° 1\ /1 - e o W, o
cot = = cot [___—2———_ 1T+ e’ if 907 <« > < 1807, then

90° < % < 180°

<

€



3.1
NOMINAI, ELEMENT

b 3-5 ™-LX-123/000/00

o.  Calculate the Mean Anomaly (M):

M o= L—[Ze sin E)(57.3E] There are 57.3 degrecs per radian.

¢. Calculate the time difference (At) between TO and the time of

injection (Ti):

d. Calculate 7, (in days since 1 January):

Ti = Time of 1ift-off (in days since 1 January) + Time from 1ift-off
to injection (in fractions of a day)
NOTE: 1If time from lift-off to injection is given in seconds,
divide by 86,400.

DOTE: Nominol time of lift-off is assumed to occur at 0000Z on the

day of lounch.

G P | I m
[ alculate 7
&)
m . m - A
i I A
R S S T m.-

~-=-@es To celeulate the right ascension (0 )on revolution zero, (measured
o]
cagtwurd Irom the vernsl equinox to the ascending node):
‘wleulate the right ascension of zero longitude (Greenwich at
L [
i

{& ), with rirht uscenslon of zero longitude at 000QZ on

~
“m

1 Januery, 1964 (e

)= 98.7hOTT.

€, =6, * (30 times the fractional part of (TO +1.00273791)]

t. Paleulute the difference in longitude (Ax) between injection

toneitude (3 ) and the closest ascending node (actual or theoretical),

meacured Iin a westward direction from Greenwich:

ca A .__.L__E_:’__J; s it 590(). o e
COCs v,
o
s , cog (1807 -y o A0 0
NI (P TR V) BN - é ), if 907 <u s180".
L

i
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d. Calculate the longitude of the theoretical ascending node (Xw ) on

revolution zero:

and N =

northern hemisphere and S = southern hemisphere injection ‘

o]

IOTE: The signs of Ay and 3600 can be determined from the following

table, where P = prograde and R = retrograde satellite motion,

latitude. Addition or subtraction of 3600, where indicated in

the tuble, will not change the value of (xw

. Calculate QO:

o) -

. =

(85

o GT B hw,

O O

(WS
i

2. Read the C-tern
apprepriate con

Fer example, if e = O
_r

el

1.0, C = 0.0 x 10

height reprecentcs the

P R

A\ | 360%] x| 360°
N + -
g - + - +

> and eccentricity.

contours.

.1.2.2.4 Determine the drag term (C):

+ AL~ ER)

roi plot (Figure 3-2) with perigee height above the

rrr base number from 1 to O (left to right) betwzen the

exponent number (to the base 10) between the two

tours at the top of the plot.

.2 and ER = 1.03,

¢
or -1.0 x 10 3

C = -0.7 % 10'6

If e = 0.08 and ER =

The fractional part of the perigee

dictance above the earth.

R e |
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Lo

.1.35 Toreisn Lounch Information

re-launch infermation on foreign launches is usually unavailable. However,

as]

initinl observations miy come from three types of sensors.
3.1.3.1 Input
a. Radar fan data: time, azimuth, elevation, range and range rate
(optional)
I, Tracker data: time, azimuth, elevation, range and range rate

¢c. Telemetry data: time, azimuth and elevation

If telemetry or tracker data are received on a foreign launch, an initial
slement set is computed (procedure 3.2). If radar fan data only are received,

manually generate an element set.

There ave several rredetermined element sets which have been computed from
svlans Toreign lsunches. These may be used as nominal element sets for
guccecding luunches. Attempt to associate initial fan data with fan data

sn rrevious leunches to fucilitate selection of one of the nominal element

oo
s
“
4
[
o
-
=
(—‘h
L
e
.
G
[
it
-+
N
O
=
)
o8
O
©
0
@}
0
o
o
t
]
-
=
%)
o
o
oy
1]
[}
4]
}._J
4]
0
t
4]
o,
joi
2
=1
[
=
2]
]

addt tional observations are received. If the additional
Cheement lons ucceciute closely with the nominol element set (procedure 3.4),
i s corrected {procedure 3 5). Otherwise, the additional observations
snenld be used to compute an initial element set (procedure 3.2).

“hmen the initiol fan data does net associate with any historical data,

utbtompl Lo cualculate an initiul element set (procedure 3.2) using the

initiul fen data and cother available information.
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.2 INITIAL ELEMENT SET DETERMINATION

2201 General

Ao initiod element cet is determined from initiol observations in order to
rrovide look angles to sencors so that the satellite can be tracked. This
ocoure primerily on foreirn launches.

3.4.2 Foreipn Launch Information

fnitlul ebeervations on fereign launches usually come from three types of
CENSOrS.
£.2.2.1 Irput

U

a. Radar fun data: time, azimuth, elevation, range and range rate
(optionul)
L. Tracker data: time azimuth, elevation, range and range rate

¢. Telemetry datu: time, azimuth and elevation

ren recelpt of radar ran datu on o foreign launch, attempt to associate the

initial fan data with ":n duata on previous foreign launches (procedure 3.1).

T
A

the initial observatlone do not associate, attempt to calculate an initial

clement sel using the initliul cbeervations and other selected information.

S3N

o

Y
L

-

The procedure for this caleulation fellows as closely as possible the procedure

orocadeulating a nominal element set based on U.S  pre-launch information

rocedure 301

. Locek of complete informtion, however, may require that a

Vol be cosumed Uer ore or more of the elements on u Yrial basis. Continue

i wdjust the initicl element sel, until sufficient observations are
ceived to rrovide Tor o rellutle ditferenticl correction (procedure 3.5).

crorecolpt off trucker duta on ou forelign launch, the Initial Orbit by

v Ter-0iths (TOHG) procran o oused to coempute the initial element set.

e LOHG progrom uses three three-dimensional fixes from one sensor to

npute the iniiial element set The program automatically uses all remaining

coervations to differentinlly correct that element set (by the Simplified
J

N AY
Lhaod ).
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Upcon receipt of telemetry data on a foreign launch, the Initial Orbit from
Angular Fixes (IOANGLE) program is used to compute the initial element set.
Three angular position fixes from one sensor are used in the computation
and the remaining observations are utilized in a differential correction.
Basically the same methods as in the IOQHG program are employed for both
element set computation and differential correction.

If only geocentric rectangular coordinates and velocity data are available
on a launch, the Radar Orbit Computation (ROC) program is used to compute
the initial element set. No differential correction is included in this

progran.

If two or more radar fixes only are available on a launch, use the Initial

Orbit from Independent Radar Fixes (IORF) program to compute the initial

element set. These fixes may be isolated radar hits which come from

different stations or which occur during different revolutions. Differential "

correction is not included in this program. R
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.3 ZYSTEM SEAIC FILES UPDATE

2.3.1 General

Sensor, Element, Acquisition, Information and Communication data are maintained
on ¢ll catellites carried by the SPACETRACK Center. This data is maintained

¢n punched cards in the Syctem SEAIC files. It is also stored on the SEAIC
tere Tor most satellites, because many of the programs accept SEAIC tape
inputs.  The SEAI Tape File Maintenance program is used to add, modify or

delete information from the SEAIC tape.

Ny

3. 3.

Foreign Launch

Upon establishing the first acceptable element set on a foreign launch,

the E, A and I files on the satellite are added to the SEAIC tape to

iitate the generation of a bulletin and look angles. The Special

F W]
Lact

Foreign SEAI Tape File Maintenance program is used because it includes a

rredetermined acquisition and information file especially designed for

Terelgm launch.

3.3.2.1  Input
. Classification

d. FLASH bulletin indicator (optional)
. Satellite transmitting indicator (optional)

Kl hnk . . ~
. miement set

3.%.2.2 Frocessing
T Speclol Forelpn SEAI Tape File Maintenance program adds the E, A and I

Y

files to the SEAIC tape and automatically enters the bulletin and look
amle generation procedures (procedures 3.7 and 3.8). A and I-file cards

chould Be punched co that the information on the SEAIC Tape is also in the




Upon determination of

o

ial SEAIC tape be built.

2.3.3.1 Input
a. Sensor data
b. Nominal Element Set

¢. Acquisition data - usually from

d. Information data - usually from

Satellite Maintenance

Ol 3-12

nominal element set on a domestic launch, request that
This special tape is used until after the

a
satellite is launched and an acceptable element set determined.

the Operations Division

the Operations Division

ATter a reliable element set for any satellite has been determined, the

.

clement set is maintained in the System SEAIC files.

the element sets are made manually or automatically, depending on the stability

Simplified General Perturbation

(SGPDC) program in the automatic

of the satellite and the reliability of the element set.
2.2.L.1 Input
a. Elemeni set
L. Acauisition dat::
c. Informaticn datu
oy m ~ ~
2.3.4.2 Prececessing
I the element set is corrected by the
Ephemeris with Differential Correction

mode, the new clement set will be stored on the SEAIC tape in place of the

~ 4
50T

old element

drag term (procedure 3.5). Otherwise,

SEAIC tape. I the

SEAT Tape File Maintenance program is used to update the SEAIC tape (pro-

cedure 3.3).

provided convergence occurs on all six elements and the
the old element set remains on the

3
5GPDC program is used in the Schedule Tape mode, the

TM-LX-123/000/00

Subsequent changes to
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2.3.% BEAI Tape Files Maintenance

S, E, A or I-file card or the SEAI File Deletion card. P
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5.4 OBSERVATICH ASS0CIATION

Coecervations received by the SPACETRACK Center must be associated with s

catellite belore they zan bLe used to correct the element set describing that

The gross association of observations with a satellite 1s accomplished by

¥
A
ol
0
]
o+

N
t

P

3
’1
N
ct
oy
(o}
)
@
[¢)
o
%]
o
3
)

vaticns which fall in a specified time span. The
time span i usually that during which the satellite is expected to be
t

ion czpability of the sensor which returned the

lons.
e ~ T v e
e g ..’_n:;uw(t
3 SR ~ . -

u. Obszervation(s

5 A e RSt S, i PR + 3

. Asceriation criteria - e.g., time span
- 'S - -
3.4.2.7 Processing

musses of dsta are received, as from BMEWS, the Observation

‘ram is used to separate the observations into two

25 according Lo the time gspan indicated. The OBSSEP program outputs

chgervatlons falling within the time span on a high priority Report tape
(R-%ure) und those f8lling outside the time span on a low priority R-tape.

When only a few cbservations are invelved, the observation times may be

\ 1
S s
Tie Repord Association (RASSN) program is used to accomplish the routine

chservations with a satellite.

a0 Inpat
. Ouservoition dutu
5 o v 0
i) Soenoor data

e AAL - L+ Set
Z. roement SeT
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,
2.4.2.7 Processing

The RASSN program may be run in the automatic or the Schedule Tape mode.

In the automatic mode the program attempts to associate all observations e
with all satellites on the SEAIC tape. In the Schedule Tape mode the program
attempts to associate all observations with those satellites for which

element sets are input.

The program assigns one of three levels of association to each observation and
identifiies the satellite with which it is associated. The levels of association
are Associated (Ra), Doubtful (Rd) and Unassociated (Ru).

3.h.4 Specinl Association

Special ascoclation of observations with a satellite may be required whenever
Lhe e indntden marameters in the RASSN program are too open or too restricted

for aceurate association to occur. .

2.6.h L Tnput

2. Observation data

o

Sensor data

Element data

e}

s

Assoclation parameters
3.L.4.2 Processing

Either the RASSN or the Reduction (REDUCT) program may be used to achieve
assoclation under special conditions.

the numerical values of the association parameters (time, right ascension,
height, vector magnitude and beta). The program tags each observation as

associated or unassociated.

The REDUCT program reduces observations back to the last nodal crossing and

computes the residual differences between the observations and the elements

in terms of time, right ascension and height. The program then identifies .
those obcervations whose residuals fall within one of several sets of tolerance

limits contnined in ithe program. The limits are specified cach time the program

io ruan.

e e s i e bt e i e a1 et i o b
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The residuals output by the RASSN or REDUCT program may be used to further

refine the association levels of the observations (procedure 3.10).
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3.% ELFMENT CORRECTION

e

2.5.1L General

.

T}

heopurpoce of element correction is to refine an element set, making use
of vbiservations recelved since the preceding correction, so that the resultant

clement set more nearly represents the actual motion ot the satellite.

Z.5.2 Complete Correction - anomalistic data

A complele differentiol correction of an element set corrects all six

4

clements and the drag term.

2.9.2.1 Input
1. Observation data
ti.  Sensor duts

¢. Element set
Sy le Freeescing

I BUFDC prograd avieapoe to differentially correct all of the six orbital
oiements and the drag parameter. In case the attempt to converge on these
sever. parameters failc, the program automatically tries to converge on a

fewver number. The program is designed éb handle most satellifééagéving

zero to moderote eccentriclity Secular variations due to the earth bulge

and atmospheric drag are accounted for directly. The perturbations due to
solar radiation pressures and gravity fields of the sun and moon are neglected
iytically; however, any long term effects of these perturbations are

‘neluded in the element corrections obtained by the least squares error

vrocess. The SGPDC program does not compute the first derivative (D) of
“he drag term (C).

Pursial correction of un element set corrects only those parameters affecting

P, C, and D (the first

vie bime of erceessing the accending node: TO,

chrrivative of (,) .
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esol Input

[

a. Element cet
t. Time residusle at specific revolutions

2. Order of the equation to be it - linear, quadratic or cubic
3-%.3.2 Processing

Tne System Pulletin (SYSBULL) program may be used to correct an element set
vefore producing 2 bulletin. The program computes a least squares it to

tne time equation [rrm time residual inputs. Tnese residual values usually
come rom the output of the REDUCT program (procedure 3.4) and the order of

the equation Iz determined by examination of the tim: residuals plotted against

o

their revolution number (procedure 3.10).

1
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satellite and the amount of data to be

that the proper sensors are tasked at

Trore ure three priority levels and three data levels.

m,

Mucking Priority

3
L

a2

Data Suffix

A

C

4.0, HNAVSPASUR Sensorg

Tasking Category

1

Meaning

Observations on emergency or extremely
high priority space events.

High priority observations-on selected
satellites.

Routine observations on selected
satellites.

Send all possible position data from
the time of acquisition until the
object passes beyond the sensor
capability.

Send all position data obtainable
during a period not to exceed 3
minutes

Send best single observation.

Meaning

All observations referenced to
applicable receiver statlons are re-
rorted by telephone and followed by
an "Immediate" precedence message as
soon as possitle.

All observations referenced to applicable
receiver stations are reported by
"Priority" precedence message as soon

as possible.
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Tasking Category Meaning
3 All multi-station observations re-

ferenced to Kickapoo site and all
single observations referenced to
applicable receiver stations are re-
ported by "Routine" precedence message
every 8 hours.

L Same as Category 3: every 24 hours.

5 Same as Category 3: excluding

single observations, every 24 hours.
Categories 1, 2, and 3 are in effect tne same as the present Category 1, 2,
and 3 used with USAF Sensors wnen applied to new foreizn launcnes (Category 1)
and nev domestic launches (Category 2). Therefore, all pre-printed message
crms will include SPASUR as addressee on the initial alert messages from ..
NORAD SPADATS for botn foreign and domestic launcnes. Suffixes A, B, and C .
do not apply tc NAVSPASUR and they have been advised to disregard tne suffix

on multiple addressed mescages.

Categories U and 5 will be primarily used by the Data Control/Sensor Brancn
wnen assignring routine montnly tasking tnrougn NORAD SPADATS. However, sensor
tesking may be chnanged, on routine type satellites, to Category 4 or 5 wnen

applicable.
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3.7 BULLETTH GENERATION

|

i 2.7.1 General

|

rhemeris) contains Predicted satellite position information.

(e
Mature satellite positions are extrapolated from an element set best

ting the current and past satellite observations.

3.7.1.1 Input ‘ .- S

a. Element set

.70.1.2 Processing

<

There are two methods of penerating a bulletin. Normally the Bulletin with e
Simplified General Perturbations (BLTNSGP) program is used to generate

a bulletin. If the SYSBULL program is used to correct the element set, it

will produce a bulletin automatically, and unlike BLTNSGP, will use the D

term. The BLINSGF program uses anomalistic data, whereas the SYSBULL program

Lot programs compute cosentially the same information:

. FPosition and time of crossing an ascending node for all revolutions

1

he bulletin,

covered by 1
2. Pesilion, *ime and heleht at consecutive latitudes covering one

entire revelution.

I addition, the BLTNSGP program prepares a modified description of the

crbital elements, which is used for special prediction purposes as specified

n the Internaticnal Gecphysical Year (IGY) World Wide Code for Satellite
Orbits (SATCR)
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5.8.3.1 Input
a. Sensor datas
b. El=2ment set

¢. Acquisition data

3.8.3.2 Processing

T™-LX-123/000/C0

Tne GLAP program will compute a set of acquisition coordinates for each

satellite and the associated sensors. The program computes look angles

fer general acgjuisition purposes.,
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3.9 FELEMENT SET ADJUSTMENT

3.9.1 General

When excessively large residuals exist, manual adjustment of the affected
element value may provide for a successful differential correction using

routine procedures.

3.9.2 Foreign launch Data

If the initial observations are insufficient to compute or calculate an
initial element set, or if the initial observations will not associate with
any of the nominal element sets, adjust one or more of the element values in
the closest nominal element set on a trial basis, and attempt to associate the

initial observations with this adjusted nominal element set.

3.9.3 Domestic Launch Data

Following a domestic launch the nominal elements (ﬂo and TO) are manually

ad justed to reflect the actual lift-off time.

3.9.4 Unusual Orbital Data

It is sometimes difficult to maintain a reliable set of orbital elements

on a satellite with an unusual orbit. Observations may no longer be received

or the elements may not converge on the cbservations available in a differential
correction (procedure 3 5). Occasionally all but one or two of the elements
converge on the cobservations, indicating that the observations are relisasble

but that one or more of the element values may be in error. AdJjust the
apparently erronecus element values and attempt *o attain convergence on all

the elements in another differential correction.
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3.10 OBSERVATION SELECTION
3.10.1 General

Removal of doubtful or erroneous observations from a group of data will
usually facilitate a more accurate differential correction. Particular
cbservations are of'ten selected from those available because they reflect
a major trend, evenly represent an entire orbit or indicate a different

but associated orbit.

The methods of cbservation selection are manual. In clear-cut cases, identify
observations by a visual examination of the hard copy produced by one of the
association programs. Otherwise plot the observations on a graph, in terams

of their deviations in cbservation time (delta t) or right ascension (QO)

from predicted values, as a function of revolutions. The groupings of
residuals may reveal the source of a problem in the maintenance of reliable
elements. The output of the REDUCT program fprocedure 3.4) is often used

to provide the data for such a graph.

3.10.2 Initial Cbservations

Initial observations on a newly launched satellite usually reflect a major
trend. Elimination of those observations which deviate from su.i: a trend

tends to improve the computed element set. [(procedure 3.2)

3.10.3 Element Set Variations

Observations on a satellite often reflect a slight change in the orbit of

the satellite by their general trend. A review of delta t vs. revolution using
all the observaticns sometimes indicates a break in the genersl trend. If
earlier observations (prior to the trend change) are eliminated, the most
recent element set can be differentially corrected (procedure 3.5) using

only the recent observations, which represent the latest changes in the orbit.
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2 10.4 Observations on an Unusual Orbit

Satellites naving unusual orbits often reflect one or more of the following:

High eccentricity

[ )

Low inclination

Small radar cross-section

o 0

Perigse in soutnern nemispnere

Large period

Small period (e.g., approaching decay)
High drag

O (D

Element set errors

Wnen a satellite has an unusual orbit, sensor coverage is generally marginal.
Thus the observations reported often represent a few unequally distributed
points in the satellite orbit. A group of selected observations, evenly
representing the entire satellite orbit, usually provides a better correction

¢f the element set.

2.10.5 Observations on Asscciated Bodies

When part of the main body of a satellite breaks off or is separated in

the form of debris, tne drbris observations are often not as numerous as

the larger body observations. However, debris observations are usually

received about the same time as the main body observations, and may associate
partially or completely witn the main body element set., Debris observations
deviate mainly in tneir *Ime residuals and, for a particular niece, tnese
deviations are consistent. The use of only debris cobservations in differentially
correcting tne main body «lement set provides an element set on the debris
object. The main body element set before correction is retained to represent

the main body of the satellite.

2.10.6 Unidentified Observations

Occasionally tnere are too few observations associeted witn an element set
to provide for adegquate correction of the element setl,. Scme of tne un-

identified observations in the system, wnicn did not associate witn tne
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element set using routine procedures, may in fact represent the satellite.

Observations received during & particular time period over a specific sensor
may be selected manually or by use of the OBSSEP program. Next, they are
associated with those cbservations which do not associate with any other satellite,

and then examined for possible assoclation with a given element set.
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3.11 DECAY PREDICTION
3.11.1 General

A satellite is removed from the system when 1t has reentered the earth's
atmosphere or is no longer in orbit. Decay predict’sn is seldom exact, so

several methods should be used simultanecusly.

3.11.2 Initial Decay Indications

The Duty Space Surveillance Officer (DSS0) usually forecasts satellite
decay hy a periocd check. The catellite i1s then transferred to the Analysis

Division for maintenance until it has decayed.

3.11.2.1 Input
a. Element set
b. Probable decay indication:
1. Period less than 90 minutes or

2. Decreace in period and eccentricity, and elements that hold for

cnly a few days.
3.11.2.2 Processing

Determine a probable cecay day by running the King-Hele/Findley program with
the element set, or by examining the results of the last King-Hele/Findley
run on this element set, which the DSSO initiated before transferring the
satellite to the Analysis Division. A revclution vs. day plot is generated

to substantiate the King-Hele/Findley predictions.
3.11.2.3 Output
The King-Hele and Findley routines both predict a decay day.

3.11.3 Final Decay Indications

The approach of final decay is indicated by the period, the rate of change
of the period and the satellite characteristics (tumble rate, motion, size,
shape and mass}. Maintenance of the satelllite requires greater attention

especially when decay apresrs to be less than 1C0 revelutions away. Care-

ful selection of cbservations may sub-*antially improve the element set.
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3.11.3.1 Input
a. A grapn of the difference between predicted and reported observation
time for each revolution (delta t vs. revolution.)
b. A graph of the period for eacn revolution (period vs. revolutior or day )

¢. Satellite characteristics - tumble rate, motion, size, shape and mass.
3.11.3.2 Processing

There are four metnods of predicting decay:

a. Run the Jacchia program using the periods and corresponding
revolution.

b. Manually extrapolate the period on the period vs. revolution or day
grapn, and compare the results with those of the Jacchia program.

¢. Examine the delta t vs. revolution graph for a break in the curve.
Tnis curve usually becomes cubile in shape and, just before final
decay, the rate of decrease of delta t increases sc sharply as to
deviate from a cubic curve and approach a logaritimic curve.

d. Identify that time span tetween the last observatlon reported and
the first predicted observation not reported. Tnis is only as reliable

as the element set used to generate the look angles for ine sensors.

Usually all four methods are used, and Jaccnia may even be run several times
using different sets of perlods, to determine a predicted range of revolutions
witnin wnicn to expect final decay. T1If results of tne various methcds agree,
the analyst may conclude tnat 1Tinal decay nas occurred wnen tne first tasked
sensor fails to report an observation. Otnerwise the analyst may wait until

several tasked sensors nave failed to observe tne catelliite,

Occacionally satellites decay shortly after launcn or are deorbited. Time
for decay prediction is not available and tne time of decay is olten reported

by an outside agency.

After final decay nas been concluded, initiate tne rinal decay message and

remove the catellite from the SEAIA files.
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3.12 ELFMENT CONVERSION
3.12.1 General

Flements received from external agencies (NASA, 6594th Aerospace Test Wing,
Sunnyvale, NAVSPASUR) must bte converted to a form useable by SPACETRACK.

The procedure for making the necessary adjustments is outlined below.

It should be noted that epoch times shown are not necessarily for a nodal
crossing as used by SPACETRACK, but are usually defined for some arbitrary
point in the orbit. The epoch time is measured at some point beyond perigee

and the satellite position at epoch is given by the mean anomaly, M,

3.12.1.1 Input

a., Orbital element set.
3.12.1.2 Processing

First, determine the time from perigee to the next nodal crossing. This is
dene by subtracting the argument of perigee (w)from 3600. Figure 3-3 is a

geographical representation of the problem.

tellite
) M = mean anomaly from
Bt ?f the message
ascending
nodal w = argument of perigee

cerossing

perigee

v = the angle between
perigee and nodal
crossing (360°-w )

Figure 3-3
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Let the quantity obtained above equal v, and, by substituting in equation 1,
determine the eccentric anomaly, E.

e + cos v

() eos B = s v

y Where e = eccentricity
Calculate the mean anomaly, M by equation (2):
(2) M =E-esinE (57.3%),

Then, by substitution in (3) determine M_, (total change in mean motion from
0ld epoch toc new epoch} t

(3) M, =M - M, M= mean anomaly from the message
The time of the epoch in the message may now be changed to the time of the

ascending node by using equation (4) and (5).

M
(%) At = 3%60 P,, P, = anomalistic period from the message
) = + = i
(9) T, =T +at, T = nodal epoch time
Tm = message epoch time

The right ascension of the ascending node at To must now be corrected, using

the right ascansion (Q} to calculate a new right ascension (QO).

(6) OO = +Q At, where: ( = right ascension from message.
OO = right ascension of nodal. crossing.
1 = right ascension motion.
Sincz the argument of perigee is given for a ncdal crossing on SPACETRACK

elements the argument of perigee on the message must be changed by equation (7).

(T) wo = w *+ wAt, where wo = new argument of perigee.

w = argument of perigee from the message.

w = argument of perigee motion.
Next, perigee distance and semi-major axis must be converted into earth radii.
Finally, a new epoch revolution number should be calculated. This can be
obtained from an old bulletin, or from the time equation (8).
)2

(8) T=TO+P aAN+C(aN +D(AN)3

N
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Section 4

PROGRAMS

The programs in the B-2 System are organized into six functional areas:
Executive
b. Association
¢. Element Determination
d. Observation Acquisition
e. Interplanetary

f. Miscellaneous
A seventh group consists of programs for use on the 1620 computer.

Card and deck input formats are specified and outputs described for the
programs most frequently used by the analyst. The purposes of the less

used programs appear at the end of their appropriate functiocnal area.

Following the program sections are descriptions of OCS sequences, Schedule

Tape requirements and standard card formats.
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L.1 EXECUTIVE AREA

The executive area of the B-2 System is composed of a real-time subsystem
(BMEWS and INTPROC), a non-real-time subsystem (EXECMODl, SYMOCT, EXECMOIR,
and EXECMOD3), and an initialization subsystem (BSTARTUP and BRSTART). The
real-time executive subsystem prcvider for BMEWS DIP backup while the non-

real-time executive subsystem provides control for the Space Track programs.

There are two modes of operating the B-2 System:
a. Interruptable - Space Track and BMEWS DIP backup
b. Non-interruptable - Spece Track only

The BSTARTUP program is used to initialize the B-2 System when running in
the interruptable mode. The BRSTART program is used to re-start the system
when a machine malfunction has occurred in the real-time area of core. The
INTPROC program provides vhe capability to interrupt a Space Track program
and perform BMEWS DIP backup, and then return to the interrupted program
without loss of data. The BMEWS program provides duplicate backup for the
EMEWS DIP processor, under the control of the INTPROC program.

The primary non-real-time executive program is EXECMOD1l, which contains the
basic routines that are required for operator control of the Space Track
System. The EXECMOI2 program provides control of OCS and Schedulz Tape
runs, including program environment and system “ape control. EXECMOD3 is
the Schedule Tape executive program. It is used for converting control
cards and data cards stored on the schedule tape, and for storing them in
core in a format acceptable to the other system programs. It also transfers
data from the prestored schedule tape to a date input tape when data for a
manual program is interpreted. After the data cards have been converted,
control is returned to EXECMODZ where the specified program is read in and
operated. The SYMOCT program converts mnemonic octal corrections from a
prestored tape to a format acceptable to the central computer. The program

operates as a closed subroutine of the EXECMOD1 program.
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4.2 ASSOCIATION AREA

The Asscociation area includes the input conversion programs (MAP and ORCON),
the associstion sequence prrzrams (RASSN, RTPJUG, SRIMRG and SRCHEK), another
association program (REDUCY) and observaticn file maintenance programs (OPURGE,
OBSSEF, SRADU, RUMOV, PRINTER, GOODER and OBSEND).
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4.2.1 REPORT ASSOCIATION - RASSN

4.2.1.1 Purpose
The RASSN program associates each of the cobservations with the element set

as Associated (Ra), Doubtful (Rd) or Unassociated (Ru). The classification

is based on a comparision of the residuals against specified criteria.

These criteria are specified by the Analyst when in the Schedule Tape kode.
In the Automatic Mode, the criteria are contained within the program with

the following values:

At = 2 min.

RA = Not tested.

AH = Not tested.

VM = 1000 km.

B = .2°
4.2.1.2 Input

4.2.1.2.1 Automatic Mode - in an OCS sequence
a. Observations from the R-tape.
b. Element sets from the E-file tape.

(]

Sensor coordinates from the S-file tape.

d. OCS Toggle number = Desired 0CS sequence.

4.2.1.2.2 Schedule Tape Mode (Toggle 24 On)

Deck Column
Pogition Card Type Number  Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
b Program ID Card

1-6 SPSJ¢B
9-13 RASSN
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Deck Column
Position Card Type Number  Punch

17 0

Element Set cards, £-file and R-tape

inputs.

1 = Observation cards, S-file and E-file
inputs.

2 = Parameter card, Satellite Number card
and S-file, E-file and R-tape inputs.

3 = Element Set cards, Observation cards,
and S-file tape inputs.

4 = Parameter card and S-file, E-file and
R-tape inputs.

5 = Parameter card, Observation cards and

S-file and E-file tape inputs.

[2Y
1]

Parameter card, Element Set cards,
Observation cards and S-file tape inputs.
T = Parameter card, Element Set cards and

S-file and R-tape inputs.

18 0 = Sorted/Merged, Hardcopy and residual
cards output.
1 = Sorted/No Merge, Hardcopy and residual
cards output.
2 = No Sort/No Merge, Hardcopy output.
3 = No Sort/Merged, Hardcopy output.

80 J = Card type.
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Deck Column
Position Card. Type Number  Punch

5 Parameter Card
1-8 Delta T limit (max. = 1440 min.)
9-16 Delta RA limit (max. = 260°)
17-24 Delta H limit (max. = 6378 km.)

25-32 Vec. Mag. limit (max. = 1020 km. )
33-10 Beta limit (max. = 90°)
80 P = Card type
NOTE: Any unspecified 1limit (blank cols.) is assumed to countain its

maximum value.

6 Data Cards:
a. Input Option O:
(1) Element Set cards
b. Input Option 1:
(1) Observation cards
¢. Input Option 2:
(1) Parameter card
(2) Satellite Number card
d. Input Option 3:
(1) Element Set cards

(2) Observation cards
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Deck Column
Position Card Type Number  Punch

€.¢. Input Option 4:
(1) Parameter card
£ & Input Option 5:
(1) Parameter card
(2) Observation cards
gos. Input Opticn 6:
(1) Parameter card
(2) Element Set cards
(3) Observation cards
h. & Input Option T:
(1) Parameter card

(2) Element Set cards

T End of Case Card

8 End of Job Card

9 End of Schedule Tape Card
10 Blark Card

4.2.1.3 Output

4.,2.1.3.1 Normal RASSN

The ordering of the printed output from RASSN may be made in two forms, sorted
and unsorted. For sorted output associated (Ra) and doubtfully associated (RD)
observations are printed first and listed in the order received from the
R-tape. The unasscciated observations are printed in the second section

of printout in chronological order. In the unsorted form, all reports are

output in the order processed.

The quantities printed are:
1. association status (STATUS)
1
2

3

Ra for radar report

Rd for radar report

Ru for radar report
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4 = Ra for angles only report

N
li

Rd for angles only rerort
6 = Bu for angles only report
T = Ra for range rate report*
8 = Ru for range rate report*
tag (association made by sensor - OSAT)
sensor number (STAT)
observaticn time (last digit of year, month, day, hour, minutes,
seconds and hundredths of seccnds YYM DD HHMMSS.SS)
assoclation number (satellite number with which the observation has
been associated; blank for Ru's - NSAT)
message number (if present; MSGNO)
revolution number and element set number (Ra & Rd only; REV EL)

The remaining quantities vary with the type of association status and are

as shown below

STATUS QUANTITIES PRINTED

1 U0 At, vector magnitude, B, time since epoch

2 Uo, At, vector magnitude, B, Ap, Ah, AA cos h, *ime since
epoch

3 @, x», H, A, h, p, sidereal time

L Uho’ Axh, vector magnitude, B, time since epoch

5 Uho’ Ath, vector magnitude, B, time since epoch, AS§ and Ay
cos 6, or Ah and AA cos h

5 6§ and ¢ or h and A

7 Ap, tag = association number, time since epoch

8 L]

¥ currently not used
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where

argument of latitude

U

o)
Lt
V-ctor Magnitude = magnitude of vzetor distance between observed

observed minus predicted difference in time (minutes)

It

and predicted positicas (km)

"out of plane'angle

o T
1l

range

p = range rate’

Ap = observed minus predicted range

h = elevation

Ah = observed minus predicted elevation

6 = declination

A = observed minus predicted declination

o = right ascension

Ay cos § = observed minus predicted right =scension
A = azimuth

AA cos h = observed minus predicted azimuth

aty,

AUhO = AUO computed from elements

= At computed from elements

If on the same observation there are two or more doubtful assoceticns, they

are printed in the output. The best doubtful, based on the lowest vector

magnitude, is marked with an asterisk next to association status. A tagged

observation whose tag is changed in processing is shown first as a doubtful

assoclation with a question mark next to association status. As many

residuals as have been computed are printed; those not computed at the time

of untegging are shown as zero.
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4.2.1.3.2 SRCHEK

Normally the SRTIMRG and SRCHEK programs are automatically run immediately
after RASSN so the SRCHEK output is included here. The quantities printed

are:

-~ O W o

9.

Satellite number and name.

Epoch date and time (year, month, day, hour, minutes, seconds,
thousendths of seconds).

Element number.

RMS value and RMS limit.

Delta T and mean delta T (of Ra's in last 5 days).

Number of observations from date and time, to date and time
Predicted date and time at which delta T will reach or exceed

.8 minutes (.8 DELTA T). A minus sign after the date indicates
that the satellite will not reach .8 minutes prior to bulletin
expiration. A plus sign indicates that the sate..ite will exceed
.8 minutec before the elements expire. Eleven X's will be printed
for satellites with less than 5 cbservations or when the slope of
the least square fit is zero.

Number of blocks on the SRADU tape being utilized for observations on
the s#tellite and where they are loccted.

Number of Ra's since epoch and in the last two days.

4.2.1.3.3 SATTB from SRCHEK

A Satellite Table (SATTB) it also produced by the SRCHEK program. This table

contains those satellites which require an SGPDC run. Specific information

for each satellite is printed:

1.

Indicators, listed in order of priority

a. Minus (-) - bulletin/element expiration date is within 36 hours
of expiration.

b. Plus (+) - RMS exceeds RMS limit for tne satellite.

c. Plus L (+L) - No Ra's within the last two days.

d. Plus T (+T) - Mean At of all Ra's for last five days exceeds .k
minutes.

e. I suffix - an automatic run has been generated.
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2. BRMS value

3. Number of observations

L., Delta T

L-1h T™-1X-123/000/00

SAMPLE PRINTOUT, SRCHEK SATTB

SATTB- LIST OF SATELLITES WHICH NEED ELEMENTS CORRECTED
SATELLITE NO. RMS

+L
-1
+L
+L
+L
+L
+L
+L
+L
+L
+L
+T

059
081
188
194
195
196
205
239
273
302
359
378

2k
8
0
38
6
15
0

0
26
96

0

179

4.2.1.3.4 Analyst RASSN
If a parameter card is used in input with input options 5 or 6 (Analyst
RASSN) the RASSN output will be presented in a slightly different format

although the content is the same.

NO. OF OBS. T - TO

N
no

N =
\O O 1w £ ONO0ND O
HOFOWORFMNMN—~I\O

N o R
NnohbFoOoONEHONO W
" o

All of the associations within the limits

specified will be printed in the doubtful formal to allow printing of all

residuals. The last line for each observation will be in the unasscciated

format to allow printing of the observational data.




- 6T a2y
g£'v2g

Y VYT HE F 77V S—
66'9gesct al 23L W32 s0¢ ¢

m 9*92L #°9y 2'4Ly
.ww TS 00000 22600 60¢
POL VPR VLEFG IR L I JFL 7 Sy VIS -
mw ~ gedeteen
oM - = § — S
N 92 &% g°xel '3y do* 0° : . 00000 £ZsoY
M_ e'rer g'CEs 9ifdy Ttdte- - — - e A 800-093-93-23C 432 604 -2
f o3 o3 4 FE ) ;papplhhohhlbbsllllns
m OOUN Ty OmOl 3.9 Z2gt OD. g1t 0g° 0o* Ooooo.n a2 21t e Oo&
b 5 _| — S -~ _ |-b.PPPP.PP|I
02 6% G rgl 9'3e B Dy o — -nooen._vZges —
(SPE €°09 T'g0p  £tugt T .u;u.n pl 238 918 407 ¢
Sa— == s T I O i e
TN 806 PR 4 1 ] 00000 viger 604
+MT tver Ty T2y £EE  #3 QTT g9 £ 9TU09T A2 3TC HTT 042
_ . _ . — &
$/u S/W WW WM D20 D30 n
— e AL — B — Y . LT T.EELE T 23— Ade OMOSW——uGA0 LEGN |
930 930 W W Savy 948 9aQ WY, L] 033 930 NI ]
wIZ¥  A313 FONve + Ghubl HEQIVE-ADIQ ;¥:¢b|||¢u:oou>|«*uo. A +a nohrn;axxrnnzttrlkuaarphhblwll
T 3ovd

L=15
‘Page 16 blank)

TAavd onl IB¥T NT S,V OF
4 Y1130 g0

NSSVYE LSATIVNY '"LNOLNING B TdNVYS

SE¥® 0L ZEPF  xONd TEN3HE B

IOLRULE

0FR p0RZab0alTerineg OL »90°gEolbsb002Tepard NOUS "SNOTAVAYISHD 65

o yle6Inp00pe
SZIT NVEA b’ ® VTN $+L6[VecBTT 3 YWY ghy ofTgoftUTY aghl
£ ~ SANIHITI  TRLI0Z7A08T0°0Te90849 HOOM]D 06329983 £os 47V172ive
Savo Onl 1OV NT S vy 0 S,vy ¢ TZer 0L #3e0 WOwd 533078 9
® XXXKXXXXXXXX & VI130 @' RITM) avliEgg 01 2ai'02opeeatogleplapd NONY "ENOTIVAYISED T
) Nvan  000° s dvil3g n.ccu'nn.u. slINE gWy  teSe@T00T*  abWu B
- T3 AT 1OV ¥ 1iIMYUvE
. S$AvD Oml 1BVT NI §,7V¥ &V B, VU &7 Tey 0L vsev  ADNd TENIDR ¥
e _g3a%2ny0epe 1 ViI30 ¢! 208 '£Esuge@0azT-00upy 01 bgEo2TerperbfagTerOars nOug *SNOFiVANISOO 8
32 r7 AL b LI T T .nﬂqu4mm . I3 LI I 3417 h AN L1
x » OINIHITI  #p0°gLoLT8yp0egTapl8y9 HIOHD 0L%mp98% 087 LIMMVS
-~
:+]
=,
P
MAHINS ‘LNGLNING INJdANVYE

o | ‘o



OBSSEP

L May 1964 L-17 T™-1X-123/000,/00
(Page 18 blank)

4.2.2 OBSERVATION SEPARATION - OBSSEP
4.2.2.1 Purpose

The OBSSEP program separates the observations on a R-tape intc two groups,
generating two new R-tapes. The separation is based on obuervation time.
Those observations falling within the specified time slice(s) will be vlaced

on a "high priority" R-tape, and all others on a "low priority” R-tape.
4.2.2.2 Input

Each time slice is specified by the analyst and input <12 the flexowriter:
a. Hour, minute, mcnth, day and vear of sturt t'me.

b. Hour, minute, month, day and year «f stop time.
4.2.2.3 Gutput

No program printout is generated by this program.
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4.2.3 NODAL CROSSING REDUCTION - REDUCT

4.2.3.1 Purpose

REDUCT

™-1X-123/000/00

The REDUCT program reduces observations to the last nodal crossing, computes

residusl differences between the observations and an element set and compares

the differences against specified tolerance limits.

sections in the REDUCT program.

General - for visual, radar and/or Baker-Nunn observations

b. Doppler - for doppler observations

c. Direction Finder - for direction finder observaticns

Residusals Computed by Various Program Sections

There are three sub-

Right Ascension Height
Program Section Time Residual Residual Residual
Visual X X X
Radar X X
Baker<Nunn X X
Doppler X
Direction Finder X
Tolerance Codes and Corresponding Values
Right Ascension

Code Time (days) (degrees) Height (km)
Bla I’]k}

0 . 002 20 200

1 1 5 500

2 .003 360 10000

3 .002 360 10000

L .001 360 10000

5 . 003 5 300

6 .05 2.5 200
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4.2.3.2 Input - Schedule Tape Mode (Toggle 24 On)

Deck Column
Position Card Type Number Punch

1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
17-19 RUN
25-30 REDUCT
31-35  ,DATA
5 Parameter Card
1 0 = Special sensor tape (not the S-file tape)
input
1 = Sensor cards input
3 0 = Use interim tape and check residuals vs.
tolerance linits
1l = No interim tape and no check of residuals
vs. tolerance limits
8 0 = Identified observations processed against
assoclated element set only
1 = All observations processed as unknowns
9 0 = Hardcopy cutput
1 = HMardcopy and TTY output
10 v = Re-reduction, with open tolerance limits,
of unassociated observations
1 = No re-reduction of unassociated observations
11 0 = Compute perigec distance
. 1 = Use perigee distance from element set
6 Element Lead Card
8 7 = Card type
7 Element Sct Cards (max. = 25 sets)
g Sensor Lead Card (unnecessary with speciul sensor tape)

& 8 = Card type
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Deck Column
Position Card Type Number Punch

9 Sensor Cards (max. = 750 Sensors )
10 Observation Lead Card
T 0 {or Blank) = Tolerance Code O
1 = Tolerance Code 1
2 = Tolerance Code 2
3 = Tolerance Code 3
4 = Tolerance Code 4
5 = Tolerance Code 5
6 = Tolerance Code 6
8 8 = Card Type
NOTE. The tolerance limits for a group of observations may be changed by
. preceding the observation cards with another Observation Lead card.
11 Observation Cards (no limit)
12 Blank Card
13 End of Input Card
T9 9 = Card type
14 End of Data Card
15 End of Job Card
16 End of Schedule Tape Card
17 Blank Ca+d

4.2.3.3 Output

h.2.3.3.1 Satellite Inventory

Output begins with the satellite inventory. Seven groups, composed of

salellite number and element number, are printed per line.
.2 3.3.2 Obgservation Output

Observation ocutput will occur in three formats depending on which part of

. the prosram has done the reduction.
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4.2.3.3.2.1 General Reduction Output

1. Observation identification number
a. Satellite number
b. 1last digit of year of observation

c. month, day, hour, minutes, seconds, hundredths of seconds (ID)

2. Epoch revolution number (N)

3. Argument of latitude (U)

L. Time of nodal crossing (T sub N)

5. Time residual in days ( DELTA T)

€. Latitude of subsatellite point (PHI S)

7. Longitude of subsatellite point (IS)

8. Right ascension of ascending node in degrees (RA N)
9. Right ascension residual (DEL RA)

10. Height in kilometers (H (KM))

11. Height residual (DEL H) - zero for B-N or VIS.
12. Obs type (TYPE) - VIS for visual

RDR for radar
B-N for Baker-Nunn
13. Element Number (ELEM)
14. Station number (STA)
15. Optional $ - implies observation time precedes epoch by more than

4 days.
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4.2.3.3.2.2 Direction Finder Reduction (not currently used)

w N

NN oo~ Oy a0 R

Identification (same as for general reduction)
Epoch revolution (N)

Time of nodal crossing (T SUB N)

Time residual {DELTA T)

Elevation in degrees (H)

Slant range in kilometers (S)

Height in kilometers (H (KM))

Element number (ELEM)

Station number (STA)

4.2.3.3.2.3 Doppler Output (not currently used)

1
2.

LS

O o 3 Oy oan

Identification (same as for general reduction)
Epoch revolution (N)

Computed time of nodal crossing (T SUB N)

Time residual (DELTA T)

REDUCT

™-1X-123/000,/00

Arc distance in nautical miles from station to subsatellite point (D)

Elevation in degrees (H)
Slant range in kilometers (S)
Element number (ELEM)

Station number (STA)

h.2.3.3.3 Explanatory (cmments

Miscellanecus informative comments may be interspersed for observations. These

always appear with the ID information.

are.

1.

UNTAGGED UOS REDUCED W/0 TOLERANCES

Some of the more significant comments

All cbservaticons which follow have previcusly appeared as untagged

UO's, and have now been re-reduced with large tolerances.

U0 S FOLLOW

All observations which follow on the page did not correspond tc any

satellite whose elements are stored in the catalog.
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3. UNKHFH6R 36 100%

The next cbservation is an unknown. The message number is given.

the observation was a known observation which was treated as an un-
known, the satellite number is also given.

Ir
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La25
6 blank)
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L.2.L OTHER

The following programs in the Association area are seldom used by the analyst.

A brief cescription of each program is given.
L.2.4.1 GOODER

The GOODER program is used when the SRCHEK program indicates that there are
satellites out of order on the SRADU tape. The program generates a new SRADU

tape restoring the satellites to their proper order.
L.,2.L.2 MAP

MAP is a program designed to assemble DMNI data into input observation messages
in a format acceptable to ORCCN. The DMNI input tapes ares generated in real-
time by INTPROC or off-line with the 410 Recorder. The DMNI tapes currently
contain only the high-speed data from BMEWS; howev.r, the MAP program is
designed to process toth high-speed and teletype data. The only data currently
assembled by MAP are BMEWS Q-roint (penetrations of the BMEWS fans) messages.
£1]1 other data, including incomplete messages and improper formatted messages,

is discarded.

The DMN1 dump tapes are processed in the order in which they were generated.
A left-over message table is maintained by MAP to prevent loss of data be-

tween successive DMNI tapes.
L.2.4.3 OBSEND

The OBSEND progsram produces teletwpe and/cr hard copy cutputs from observations
on the SRADU tape. The program is used for transmitting observations to the
backup facility at Hanscom. The program allows for outputing selectad satellite

cbservations or all obgervations on the SRADU tape.
L.2 4. OPURGE

The OPURGE prorram ‘o used vo purge observations from the SRADU tape. The
jrocram cperates [n o modes ys follows.

a.  Mode one - delete all observiations for a specific satellite.
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b. Mode two - delete only those observations requested by satellite and
sensor number.

c. Mode three - delete individual observations as specified by satellite
and observation number

d. Mode four - delete all cbservations prior to an input time and satellite

number.
L.2.4.5 ORCON

The purpose of CORCON is to decode, edit, and store sensor observations. The
observation reports are in a variety of formats and may be received via tele-
type, or digital data link (BMEWS). All observations of various types received
via the several communications systems are converted to one standard format

and stored on an R-tape. Error checking is performed and cbservations in

error are not stored on the R-tape; however, they are recorded on the system

output tape so corrective action can be taken.
4.2.4.6 PRINTER

The PRINTER program is an observation editing program. It converts the
Observations on the R-tape to a readable format. The program is presently
used after the operation of ORCON to determine if all input data (especially
BMEWS G-point messages) nas teen converted. The program will alsc convert
the information on the DMUI dump tapes to a readable format. This option

is especially useful in the checkout of certain programs and in error

correction
L.2.4.7 RTPJUG

The function of the RTPJUG program is to transfer all unprocessed observations
from the B-tape to a scratch tape so they can be processed later by RAGSN.
The cconsole interrupt mode would be used only if a high priority run is

required dur.ns the operation of RASSN.

RTPJUG is run as a result of
a. A console interrupt during the operation of RASSN, or
b Az a munual frogrum when o machine malfunction occurs during the

cperation of RAGSN
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L.2.4.8 RUMOV

The RUMOV program transfers the unassociated observations from the SRADU

tape to an R-tape for reprocessing by RASSN.
L.2.4.9 BSRADU

The SRADU program generates a SRADU tape from standard observation cards. The
program first builds a RADU tape and then calls in the SRMMRG program which
sorts the RADU tape and builds the SRADU tape.

4.2.4.10 SRCHEK

The SRCHEK program is normally run auvtomatically after SRTMRG in the association
sequence. However, the program can be run in the manual mode. The program is
used to:
a. determine if errors exist on the SRADU tape
b. furnish a satellite table (SATTB) of those satellites whose elements
need updating
c. describe the observational status of each satellit- on the SRADU

tape (e.g., RMS, mean At, number of Ra's received in last five days, etc.)
L.2.4.11 SRIMRC

The SRTMRG program 1s normally run automatically after the operation of RASSN.
However, it can be run as a manual program if tape errors are encountered.
Its main functions are to:
a. Sort all newly associated observations (stored on RADU tapes) and
merge these observations onto the system cbservation tape (SRADU tape.)
b. Produce observation cards from the newly associated observations.
These cards are used for running programs in the schedule tape mode
and for system backup files.
c. Purge those observations from SRADU tape that are not useful in the

differential correction function.
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k.3 ELEMENT DETERMINATION AREA

The Element Determination area includes the initial orbit computation
programs (IOHG, IORF, IOANGLE, and RO"), the differential correction
programs (SGPDC, SPWDC and ESPOD), the maintenance and summary programs

(SUM, SEAI, HANSEL, MSGV, LOCVEC, XRCADS and CCOE), and the decay pre-
diction program (SPIRDECB).
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k.3.1 ELECTRONIC SYSTEMS PRECISION ORBIT DETERMINATION - ESPOD -

4.3.1.1 Purpose

The ESPOD program differentially corrects a given element set (first updating
the elements tc a later epoch on option) and computes predicted satellite
positions. It can further differentially correct a given set of constant
biases in range, azimuth/right ascension, elevation/declination, range rate,
sensor longituae, sensor latitude, sensor height, and time for several sensors.
The differential correction is accomplished using a weighted least sguares fit
to the observations. The trajectory and ephemeris computations use a special
perturbations Cowell formulation, where the whole force field is integrated.
The (optional) update of the elemente to a later epoch uses a simplified gen-
eral perturbations formulation. Various statistical guantities are calculated
ard output to aid the analyst in determining the degree of validity of the re-
sults. ESPOD may be used for orbits of any eccentricity {including elliptic,
paratolic, ard hyperbolic types) orovided the earth is the primary force center.
Perturvations due to the moon and fur are accounted for by using ephemeris
tapes of these bodies. Several atmospheres are available on optiomn.

k.3.1.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Fosition  Card Type Number Punch
1 Echedule Tape Card
2 Job Card

1. The write-up for the ESPOD program input has been furnished by the 496L SPO.
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Deck Column
Position Card Type Number Punch
3 Remarks Card (opticnal)
L Program ID Card
17-19 RUN
25-29  ESPOD
30-34  ,DATA
5 Job Description Card

1-3
b7
8-17
18-29
30

32

33

34

JDC = Card type

Satellite Number (rt. adj.)

Satellite Name {optional)

Feader to be printed on output (optional)

0

1

COLD START

CONDITIONED START (i.e. results generated
(on Tape 7 by previous

CONDITICWAL START  (ESPOD runs are input
(on Tape 7.

Neither observations nor sensors are input

in any way except by a previous Tape T.

Either observations and/or sensors are in-

put in the deck or on SRADU or SEAI tapes.

Do not print sensor locaticns.

Print sensor locations.

Do not print observations.

Print observations.

No sensor cards are in input deck.
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Deck Column
Position Card Type Number Punch

3k 1 = Sensor cards are in input deck (These will
supplement or override sensor data from
SEAT tape).

35 0 = Obtain observations from SRATU tape.

1 = Obtain observations from observation cards
in input deck.
26 0 = Do not print the constants used in ESPOD.
1 = Print the constants used in ESPOD.
37 0 = Use seven-card element set from input deck
or E-file, or use I(TYP card in input deck,
or previous Tape 7.
1 = Use elements stored by a PRDCT card on an
immediately preceding ESPOD run.
41 0 = Do not differentially correct.
1 = Differentially correct (i.e. use ESPODDC).

4o 0 = A-priori ATa matrix not input.

1 = A-priori ATA matrix input (SMAT cards).
43 0 = Do not punch (ATA)-l metrix.
1 = Punch (ATA)'l matrix each iteration.
(UPMAT cards)
T
4L O = Do not punch A A matrix.

1 = Punch ATA matrix each iteration (SMAT cards)
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Deck Column
Position Card Tyve Number Punch

L5 0 = Print the u, v, w residuals.
1 = Print the s, t, w residuals.
2 = Print sensor latitude, longitude, height
residuals (i.e. how much sensor must be
"moved" to make calculated orbit coincide
with observation)
L6 0 = Retain "proven'" elements for use in the

calculation of the predictions. ("Proven"
elements are those which were used to cal-
culate the trajectory and residuals of the
very last iteration).

1 = Retain "new" elements for use in the cal-
culation of the predictions ("new" elements
are those which were predicted by the very
last iteration, but which have not been
used for the calculation of residuals).

L7 0

Normal differential correction on same

"

elements each iteration.

1 = Calculate velocity correction to minimize
the BMS of the time residuals, hut do not
apply the correction.

2 = Calculate velocity correction to minimize

the RMS of the time residuals, and apply

the correction on first iteration.
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Position Card Type Number Punch

51

52

03

22

56

1

Do not calculate predictions or epnemeris.
Calculate predictions/ephemeris (i.e., use
ESPODEPH)

DAC cards are not present in input deck.

DAC cards are present in input deck.

Do not generate an XYZ ephemeris tape.
Generate an XYZ ephemeris tape on Tape 10
for the program XYZIA, writing all ephemeris
points on output Tape 11 as well.

Generate an XYZ ephemeris tape on Tape 1C
for the program XYZLA, writing only first
and last ephemeris points on output Tape 11.
Do not output the updated statistical
guantities.

Qutput the updated statistical quantities
(i.e. those associated with the points of
the ephemeris).

Do not punch the updated covariance matrix
inverse (ATA matrix, SMAT cards).

Punch the updated covarlance matrix inverse.

NOTE: Zeros and blanks are equivalent for Cols. 30-80.

NOTE: All cards between the JDC and ENDPR cards may be in any order.
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Deck

Column

Position Card Type Humber

4-33E TM-LX-123/000/00B

Punch

NOTE:

Remarks Card (optional)

1-2
5T

10-T2

0l = Card number.
REM
(As desired). These remarks are printed on the

ESPOD ocutput, but are not typed on the flexowriter.

Initial Conditions Card #1 (omitted if seven-card element set is in

1-2

34

2-9

10-23 *

29-ko *

4L8-61 *

67-80 *

the input deck or is obtained from the SEAI tape).
0l = Card number.

Differential Correction Iteration Number {op-
tional)

ICOND = Card type.

Initial value of Right Ascension (deg) {or
longitude east (deg) ) or X (km).

Initial value of Declination (deg) or Y {(km).
Initial value of Flight Path Angle {deg) or
Z (¥m).

Initial value of Azimuth of Velccity Vector

(deg) or i (km/sec).

Initial Conditions Card #° (omitted if seven-card element set is in

1-2

3-4

the input deck or is obtained from the SEAI tape).
02 = Card number.
Differential Correction Iteration Number

(optional).

Asterisk means use declmal poinc somewhere in field.
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Deck Column
Position Card Type Number Punch

5-9 ICOND = Card type.
10-23 * Initial value of geocentric range (km) or i
(km/sec).
29-42 * Initial velue of magnitude of velocity vector
(xm/sec) or é (km/sec).
Initial Time Card #1 (omitted if seven-card element set is in the
input deck or is obtained from the SEAI tape).
(This card gives the time associated with Initial Conditions, i.e.
epoch).
1-2 0l = Card number.
5-9 ITIME = Card type.
10-23 * last two digits of year plus decimal point.
29-42 * Month of year (one or two digits plus decimal
point).
4L8-61 * Day of month (one or two digits plus decimal
point).
67-80 * Hour of day (one or two digits plus decimal
point).
Initial Time Card #2 (omitted if seven-card element set is in the
deck or is obtained from the SEAI tape).
1-2 02 = Card number.
2-9 ITIME = Card type.

NOTE: Asterisk means use decimal point somewhere in this field.
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Dacik Column
Pesition Card Type Number Punch

10-23 * Minutes of hour {one or two digits plus decimal
point).
25-42 ¥ Seconds of minute {one or *wo digits plus deci-
ual point plus decimal fraction of second)}.
Initial Conditions Type Card (omitted if seven-card element set is
in input deck or is to be obtained from SEAI tape.)
1-2 01 = Card number.
5=-9 ICTYF = Card type.
10-23 * 1.0 = Initial Conditions are right ascension,
declination, flight path angle, azimuth
of velocity vector, magnitude of geocentric
range, magnitude of velocity vector.
(i.e. ATBARV).
2.0 = Inritiel Conditions are: east longitude,
declinatior:, fiight path angle, azimuth
of velocity vector, magnitude of geouentric
range, my;nitude of velocity vector.
(i.e. A DEARV)
3.0 = Initial conditions are XYZ%&&
12 rag Parameter Card (Cun be omitted if drag is regligible.
Aust be input if DC is on C0d A/2M).

NOTE: Asterisk means use decimal point somewhere in this field.
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Deck Column
Position Card Type Number Punch

1-2 01 = Card number.

3-4 Different.al correction iteration number
(optional).
5 -8 DRAG L]

10-23 * Initial value of Cd A/2M (in square meters/

kilogram)
where Cd = Coefficient of Drag (approx. 2.2)
A = Cross-sectional area of satellite.

M

Mass of satellite.

29-42 * Initial value of K.

48-61 * Blank or 0.0 = No drag variation

1.0 = Drag variation model is
K (4 cos” € - 1) (aay-nignt)
2.0 = Drag *ariation model is

K (%ﬁ&%—) (secular)

]

67-80 ¥ 1.0 = Use ARDC 1959 Static Atmosphere

2.0

Use Paetzold/ARDC 1959 Dynamic Atmosphere
Blank or 0.0 or 3.0 = Use COESA 1962 Static
Atmosphere
4,0 = Use COESA 1962 Dynamic Atmosphere.
NOTE: An asterisk means use decimal point somewhere in this field.

NOTE: APF 10 cards must be input if a dynamic atmosphere is used.

u
|
U
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Deck Column
Position Card Type Number Punch

NOTE: Trailing floating point fields may be left blank, hut no in-between
floating-point fields may be left blark (fill with 0.0 if not used).
13 Bounds Parameter Card(s) (These cards input if and only if one
wishes to override the nominal values
of bounds which are built into ESPOD}.
(The bounds appear in one-to-one corres-
pondence and order as the one-punch flags

on the CAT1 and CAT2 cards).

1-2 Bounds Card Number (e.g. 01, 02, 03, etc.)

34 Differential Correction Iteration Number
(optional)

5-8 BNDS = Card type.

10-23 * Maximum value of change between iterations
of a differential correction variable (i.e.
initial condition, drag, drag variation, or
bias).

29-42 * (Same as cols. 10-23 but for snother variable).

48-61 * (Same as cols. 10-23 but for still snother
variable).

67-80 * (Same as cols. 10-23 but for still another
variable ).

NOTE: Asterisk means use decimal point somewhere in this field.
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Deck Column
Position Card Type Number Punch
NOTE: As many BNDS cards may be used as are necessary to specify the
required number of bounls. The last BNDS card may have several
trailing blank fields. For example, only one bound might appear
on the last BNDS card.
HOTE: Units of the bounds are the same as the units of the variables
corresponding to the bounds.
Category One Differential Correction Varisbles Card
NOTE: If a differential correction is to be performed (i.e. col. Lkl of
JDC card has one punch) and if both CAT1 and CAT2 cards are omitted,
\ ESPOD automatically differentislly corrects the six ADBARV variables.

If a differential correction is to be performed only on Category 2

variables (biases), or if no differential correction is to be per-

formed at all (i.e. col. 41 of JDC card is blank or zero), then omit

CAT1 card.
1-2
5-8

10

11

01 = Card number.

CAT1 = card type.

0 = Do not differentially correct Alphs
(Right Ascension).

1 = Differentially correct Alpha (Right
Ascension.

O = Do not differentially correct Delta
(Declination).

1 = Differentially correct Delta (Declination).
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Punch

12

13

14

15

17

0

Do not differentially correct Beta
(Flight Path Angle).

Differentially Correct Beta (Flight Path
Angle).

Do not differentially correct Az
(Azimuth of Velocity Vector).
Differentially correct Az {Azimuth of
Velocity Vector).

Do not differentially correct R
(Magnitude of geocentric range vector).
Differentially correct R

(Magnitude of geocentric range vector).
Do not differentially correct V
(Magnitude of velocity vector).
Differentially correct V

(Magnitude of velocity vector).

Do not differentially correct Cd A/2M.
Differentially correct Cd A/2M.

Do not differentially correct K

(Drag variation parameter).
Differentially correct K

{Drag variation parameter).
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Deck Column
Position Card Type Number Punch

Number of DC Iterations Card (If this card is omitted, ESPOD assumes
a maximum of five DC iterations).

1-2 01 = Card number.

2-9 NITER = Card type.

10-23 * Maximum number of differential correction
iterations (integral number plus decimal point).

Weighting Parameter Card(s) (Input if and only if one wishes to
supplement or override the weighting parameters
which are already built into ESPOD).

1-2 Sigma Type Number (in the Master Sigma or
Sensor Type List, or as associated by an
STYPE card). (Number may range between 01
and 60).

5-9 SIGMA = Card type.

10-23 * Standard Deviation in Range (km) (Right Ascen-
sion of Field Reduced BN) expected for sensor(s)
associated with the Sigma Type Number.

29-42 * Standard Deviation in Azimuth (degrees)
(Declination of Field Reduced BN) expected
for the sensor(s) associated with the Sigma
Type Number.

NOTE: Asterisk means this field must have decimal point somewhere in it.
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Deck Column
Position Card Type Number Punch

48-61 * Standard Deviation in Elevation (degrees)
{Right Ascension of Precision Reduced BN)
expected for the sensor(s) associated with
the Sigma Type Number.

67-80 * Standard Deviation in Range Rate (xm/sec)
(Declination of Precision Reduced BN) expected
for the sensor(s) associated with the Sigma
Type Number.

Sensor Type and Parameter Card(s)
(Input if and only if one wishes tc supplement
or override the sensor weighting tyypes and
parameters which are already built into ESPOD).

1-2 Sensor Type and Parameter Card Number
(e.g. 01, 02, 03,...)

0-9 STYPE = Card type.

10-13  Sensor Number.

14-15 Sigma Type (i.e. weighting type) to be associ-
ated with the sensor in columns 10-13. (Two
digits, no decimal).

16-19 Gross Outlier Rejection parameter (Gs)
for the sensor in columns 10-13. (Right
adjusted. no decimal point).

NOTE: Asterisk denotes use of decimal point somewhere in this field.
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Deck Columr:
Position (Card Typr  Number Punch

20 0 or blank = Do not apply refraction correction
to measurements of sensor in colwmms 10-13.
1 = Apply refraction correction to sensor in
col. 10-13.
e1-23 N (mean surface value of refractivity ° 106)
for the sensor in colums 10-13, (not required
if col. 20 is blank).
29-.32 Sensor Number.
33.34  Sigma Type (i.e. Welghting Type) to be assoclated
with sensor in col. 29-32 {two digits, no decimal).
35-38  Gross Qutlier Rejection parameter (Gs) for the
sensor in col. 29-32 (right adjusted, no decimal
point).
39 O or blank = Do not apply refraction correcticn
to measurements of sensor in col. 29-32.
1 = Apply refraction correction for sensor in
col. 29-32.

4042 Ns (mean surface value of refractivity - 106)

for the sensor in columns 29-32; (not necessary
if col. 39 is blank).
48-51 Sensor Number

52-53  Sigma Type (i.e. Weighting Type) to be assoni-
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Deck Column
Fosition Card Type Number Punch

ated with the sensor in col. 48-51 (two digits,
no decimal).

54-57  Gross Outlier Rejection parameter (Gs) for the
sensor in col. 48-51 (right adjusted, no decimal).

58 0 or blank = Do not apply refraction correction
to measurements of sensor in col. 48-51,

1 = Apply refracticn correction for sensor in
col. 48-51.

59-61 N, (Mean Surface Refractivity * 106) for sensor
in cols. 48-51. (Not required if col. 58 is
blank).

67-70  Sensor Number.

71-72  Sigma Type (i.e. Weighting Type) to be associ-
ated with the sensor in col. A7-70 (two digits,
no decimal).

T3-76  Gross Outlier Rejection parameter (Gs) for the
sensor in col. 67-70 (right adjusted, no decimal).

7 O or blank = Do not apply refraction correction
to measurements of sensor in col. 67-70.

1 = Apply refraction correction for sensor in
col. 67-70.
78-80 Ns (Mean 3Surface Refractivity - 106) for sensor

in cols. 67-T0. (Not required if col. 77 is blank).
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Deck

Column

Position Card Type Number FPunch

NOTE:

Only those fields which one wishes to supplement or override need to
be input. The Gross Qutlier Rejection parameter causes observations
to be rejected as follows:

Reject Range Ot servation if | Range Residual I >G, (stendard devie-

tion in range for this sensor).

Reject Azimuth Observation if | (Azimuth Residual) cos Elevation

> G, (standard deviation in Azimuth for this sensor)

Reject Elevation Observation if | Elevation residqual | > Gé (stand-

ard deviation in Elevation for this sensor).

Reject Range Rate Observation if

Renge Rate Residual ')>Gs (stand-

ard deviation in range rate for this sensor).

Reject Right Ascension Observation if (Right Ascension Residual)
cos 5‘, > Gy (standard deviation in right ascension for this
sensor).

Reject Declination Observation if ’ (Declination Residual) [> Gy
(standard deviation in declination for this sensor).

Category Two Differential Correction Variables Card(s) (Biases)

(Omitted if no DC to be done on Category Two Variables).

1-2 Category Two Card Number (e.g. 01, 02, 03,etc.)
5-8 CAT2
10-13 Sensor Number

1k 0 = Do not differentislly correct RANGE BIAS

for this sensor.
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Position Cerd Type Number Punch

15

16

17

18

19

1

(1]

Differentially correct RANGE BIAS for this
sensor.

Do not differentially correct AZIMUTH BIAS
for this sensor.

Differentially correct AZIMUTH BIAS for
this sensor.

Do not differentially correct ELEVATION
BIAS for this sensor.

Differentially correct ELEVATION BIAS for
this sensor.

Do not differentially correct RANG:E RATE
BIAS for this sensor.

Differentially correct RANGE RATE BIAS for
this sensor.

Do not differentially correct RIGHT ASCEN-
SION BIAS for this sensor.

Differentially correct RIGHT ASCENSION BIAS
for this sensor. (Must be optical sensor).
Do not differentially correct DECLINATION
BIAS fo: this sensor.

Differentially correct DECLINATION BIAS for

this sensor. (Must be optical sensor).
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Deck Column
Position Card Type Number Punch
20 O = Do not differentially correct TIME BIAS for
this =ensor.
1 = Differentially correct TIME BIAS for this
sensor.
21 0 = Do not diflerentially correct this sensor's
IATITUDE BIAS.
1 = Differentially correct this sensor's LATi-
TUDE BIAS.
22 O = Do not differentially correct this sensor's
IONGITUDE BIAS.
1 = Differentially correct this sensor's IONGI-
TUDE BIAS.
23 0 = Do not differentially correct this sensor's
HFEIGHT BLAS.
1 = Differentially correct this sensor's HEIGHT
BIAS.
29-32  Sensor Number.
33-k2 Information identical with Column Numbers 1k
through 22.
48-51 Sensor Number.
52-61  Information identical with Column Numbers 14

67-T0

through 23.

Sensor Number.
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Deck Column
Position Card Type Number Punch

(L-00  Ilntormation identical with Column Numbers 14-23.
NOTE: Any number of CAT2 cards may be used. However, only the last CAT2
card may have trailing blank fields. That is, there must be four
sensors per CATZ2 card except for the last CAT2 card, which may have
any number between one and four).
Bias Estimate Card(s) (Initial Value of Biases). {(Omitted if no
differential correction is being performed on any Category Two
Variables (Biases). If a D.C. is being done on any biases, ESPOD
will automatically make initial bias estimates of zero if this card

is omitted).

1-2 Bias Estimate Card Number (e.g. 01, 02, 03, etc.)
3-4 Differential Correction Iteration Number (cp-
tional).

5-9 BISES = Card Type.
10-23 * Initial value of a biss.
29-42 % Initial value of another bias.
L -61 ¢ Initial value of still another bias.
67-80 * 1nitial value of still another bias.
NOTE: Asterisk means use decimal point somewhere in this field.
NOTE: Any number of BISES cards may be used. However, only the last BISES
card may have trailing blank fields. That 1s, there must be four
bias initial values per BISES card except for the last BISES card,

which may have any number between one and four. The initial values
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Deck Column
Position Card Type Number Punch

of the biases should be listed in cne-tc¢-one correspondence and order as

the one-punch ~lags on the CAT2 card(s).

20 S-matrix Card(s) (a-pricri AT matri») (optional input)
1-2 S-matrix card number (e.g. 01, 02, 03...)
3-4 Differential Correction Iteration Number
(optional).

5-8 SMAT = Card type.

10-23 * Value of an element of the S-matrix.
29-42 * Value of an element of the S-matrix.
4L8-61 * Value of an element of the S-matrix.
67-80 * Value of an element of the S-matrix.

NOTE: An asterisk indicates a floating point field.

NOTE: As many S-matrix cards (sequentially numbered) as are necessary to
completely give the matrix are input. As the matrix is symmetric,
only the upper triangular elements are input. They are input in
the following order: the top row from left to right, the second
row from left to right beginning r the second element, the third
row from left to right beginning at the third element, etc.

NOTE: If the S-matrix is input, col. 52 of the JDC card must have a one-
punch.

NOTE: If the JDC card has a one-punch in col. b, S-matrix cards corre-

sponding to epoch will be punched out in the correct format after each
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Deck Column
Position Card Type Number Punch

iteration. If the JDC card has a 1 in col. 56, S-matrix cards
corresponding to each ephemeris point will be punched.
NOTE: If S-matrix cards are input, then CAT1 and CATZ cards(punched to

indicate the respective variables of the SMAT cards) must also be

input.
21 Covariance Matrix Card(s) (a-priori (ATA)-l) (optional input)
1-2 Covariance Matrix Card Number (e.g. 01, 02,
03,...).
34 Differential Correction Iteration Number
(optional).

2-9 UPMAT = Card type.
10-23 * Value of an element of the a -priori (A.TA)'l
matrix.
24-L2 * Value of an element of the a-priori ‘(ATA)-l
matrix.
L8-61 * Value of an element of the a-priori (ATA)-l
matrix.
67-80 * Value of an element of the a-priori (Aiﬁ)-l
matrix.
NOTE: An asterisk indicates a floating point field.
NOTE: As many covariance matrix cards are input (sequentially numbered) as
are necessary to completely give the matrix. Restrictions: The

maximum covariance matrix size is 8 x 8. n covariance matrix entered
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Deck

Column

Position Card Type Number Punch

NOTE:

by UPMAT cards may only contaln Category One variables. A CAT1 card
(punched to indicate the respective variables appearing on the
UPMAT cards) must be input whenever UPMAT cards are input.
As the covariance matrix is symmetric, only the lower triangular
paert of the matrix is input. They are input in the followlng order:
the first element of the first row, the first two elements of the
second row from left to right, the first three elements of the third
row from left to right, etc.
Zonal Harmonic Card (If this card is omitted, ESPOD assumes a stand-
ard set: J,, J3, Jh)'

1-2 0l = Card Number.

5-9 ZONAL = Card type.

10 0 = Do not include J2 in the earth gravitational

potential model.
1 = Include J, in the earth gravitational

2
potential model.

11 0 = Do not include J3.
1l = Include J3.
12 0 = Do not include Jh'

1 = Include Jh'
13 0 = Do not include JS'

1 = Include J5.
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Deck Column
Position Card Type Number Punch
14 0 = Do not include
1l = Include J6.
15 0 = Do not include
1 = Include JT.
16 0 = Do not include
1 = Include J8.
17 0 = Do not include
1 = Include J9.
15 0 = Do not include
1 = Include JlO'
19 0 = Do not includs .
1 = Include Jll'
20 0 = Do not include
1 = Include J12'
NOTE: Values of J must be input on

10’ Jll’ JlE

T™M-1X-123/000/00B

10°

11°

12°

99 cards.

Sectorial Harmonics Card (If this card is omitted, no sectorial

1-2
>-9

10

harmonics are

D1 = Card number.

.
oE

0

CTR = Card type.

Do not include

included).

Jg in the earth gravita-

tional potential model.

Include Jg in the earth gravitational

potential model.
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Deck Column
Position Card Type Humber Punch

Do not include J3.

11 0 = 3
1 = Include Jg.

ie 0 = Do not include Jﬁ.
1 = Include Ji.

13 0 = Do not include Jg.
1 = Include Jg.

1k 0 = Do not include Jg.
1 = Include Jg.

Tesseral Harmonics Card (If this card is omitted, no tesseral
P harmonics are included).
1-2 0l = Card number.
5-9 TESSR = Card type.

10-11  Value of n, and m, respectively means include

the term J_ (%) {4 the earth's gravitational
1
pectential model.

13-1%  Value of n, and m, respectively means include

the term J (m2).
n2

16-17 Value of n3 and m. respectively means include

the term J (m3).
™
19-20 Value of n, and my, respectively means include

the term g (M)
o,
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Value of n5 and m5 respectively means include

the term Jn (mE).

Value ng and me respectively means include the

Dec: Column
Position Card Type Number Punch
22-23
29-30
term Jn
6
32-33  Value of
the term
35-36  Value of
the term
38-39  Value of
the term
kl1-k2  Value of
the term
L8-49  Value of
the term
51-52  Value of
the term
54-55  Value of
the term

n

7

g (mg).

n

7

and mT respectively meuns include

ng and mg respectively means include

g (mg),

n

J

n

J

n

J

n

J

n

J

g

and m

9
(

n

10
Mo
11
M1
12

o

i3

1'113

9

m

9)-

and mlO

(my o),

and m,

(m

1
ll).

and m12

(mp,),

and m

13
(m13).

respectively means

respectively means

respectively means

r2spectively means

respectively means include

include

include

include

include
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-

Deck Column
Position Card Type Number Punch

57-58 Value of n , 8nd mo) respectively means include

1
the term J (mlh).

pl

NOTE: Any or all of the following fourteen terms may be chosen:

1 2 i 2 1 (2 L
5@, @), @ @) (), W 5@ 53 ),

(3)

d J

P

) (5)

s J6 s J6 s J6 Subscripts and superscripts

not punched on the TESSR card will be excluded from the geopotential

model. Values of Js(l) through J6(5) must be entered on 99 cards.

New Constants Card (This card used if and only if one wishes to

override any particular constant in ESPOD with

\ a new value for a particular run.)
1-2 99 = Card type.
5-9 Location number of the constant (right

adjusted) {(obtained from the master list).
10-23 * Value of the new ccnstant whose location is
given in col. 5-G.
24 -28 Location number of a constant (right adjusted).
29-42 ¥ Value of the new constant whose location is
given in col. 24-28.
L3-47 Iocation number of a constant (right adjusted).
48-61 * Value of the new constant whose location is
given in col. 43-47.

62-66  location number of a constant (right adjusted).

\ NOTE: Asterisk means decimal point must appear somewhere in field.
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Deck Column
Position Card Type Number Punch

67-80 * Value of the new constant whose location is
given in col. 62-66.
NOTE: Unneeded fields may be left blank.
Standard Element Set (with blank, 1 or 2 in col. 68 of Card 7).
Updating Elements Parameter Card (This card used if and only if
one wishes to update a seven-
card element set to a different
epoch).
1.2 01 = Card number.

5-9 DNREV = Card type.

10-23 * 1.0 = Update the seven-card element set to a
specified time given in days and fractions
of days in cols. 29-42%,
2.0 = Update the seven-card element set a

specified number of revoluticns past
the epoch of the element set, the number
being given in col. 25-42* (this numter
may be fractionsl).

3.0 = Update the seven-card element szt tc a
specified revolution number given in
col. 29-4o*,

-1.0 = Update to the time of the last observation.

NOTE: An asterisk denotes a field which must contain a decimal point.
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Deck Column
Position Card Type Number

h-3ha

Punch

FSPOD
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29-42 * Days and fractions to which to update, or

Number of revolutions to update past epoch,

or Revolution Number to which to update, or

Blank (if update to time of last observation).

NOTE: Elements on cards sre not updated unless a DNREV card is present.

Elements from the E-file are updated to the time of the last

observation unless a DNREV card is present.

Delete Residuals Card(s)

1-2

5-9

10-16 *
17-23 *
29-35 *
36-42 *
LB-54 *
55-61 *
67-73 *
Th-80 *

NOTE: More than one of these cards may be used.

be left blank.

(These cards used if and only if one wishes

to delete particular residuals from con-

sider=tion in all iterations of a run).

Delete Residual Card Number (e.g. 01, 02, 03...).

DEILET = Card type.
Beginning Residual Number |
Ending Residual Number
Beginning Residual Number —
Ending Residual Number o
Beginning Residual Number |
Ending Residual Number

Beginning Residual Number 7

Ending Residual Number

NOTE: Asterisk indicates a floating point field.

Causes deletion for
all included numbers.

Causes deletion
for all included
numbers.

Causes deletion
for all included
numbers.

Causes deletion
for all included
nunbers.

Unneeded fields should
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=

Deck Column
Position Card Type  Number Punch

Dynemic Atmosphere Parameter Card(s) (Omitted if a dynamic¢ atmosphere is
not used).
1-2 Dynamic Atmosphere Perameter Card Number
(e.g. 01, 02, etc.)
2=9 APF10 = Cerd type.
10-13 ¥ Day number in the year.
14-18 #* value of Ap for the day in col. 10-13.
19-23 * Value of F

10
29-32 ¥ Day number in the year.

for the day in col. 10-13.

33-37 ¥ Value of Ap fcr the day in e¢ol. 29-32.

38-42 % value of F,. for the day in col. 29-32.

10
48-51 # Day number in the year.

52-56 % Value of Ap for the day in col. 48-51.
- * *
57-61 * Value of Fy
67-T0 * Day mumber in the year.

for the day in col. 48-51.

71-T5 * Value of Ap for the day in col. 67-TO.
T6-80 # Value of F,, for the day in col. 67-TO.
NOTE: Asterisk denotes & floating point field.
NOTE: 30 is maximum nwiber of sets of one value of Ap and one value of
Flo which may be entered. 7Thus there can never be more than eight
APF10 curds.
NOTE: If days are omitted between two day numbers, a linear interpolation

is done.
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Deck Column
Position Card Type  Number FPunch

NOTE :

NOTE:

30

Ephemeris Specification Card(s)
1-2 Ephemeris Specification Card Number
(o1, 02, 03, O4).
5-9 DELIT = Card type.
10-23 * Value (in minutes of step size be‘ween
successive calculated positions).
29-42 * Time (in minutes) since epoch of the last point
of the calculated positions at the step size
glven in col. 10-23.
4L8-61 * Value (in minutes) of another step size between
successive calculated positions.
67-80 # Time (in minutes) since epoch of the last
point of the calculated positions at the step
seize given in col. 48-61.
A maximum of four Ephemeris Specification cards may be used.
The step size may be negative, indicating an ephemeris calculated
backwards in time.
Prediction Specification Card
1-2 01 = Card number.
2-9 PRDCT = Card type.

An asterisk indicates a floating-point field.
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Teck
Position Card Type

4-34D

Column
Number Punch

10-23 * Time (in days and fractions
prediction point.

29-42 * Mime (in days and fractions
prediction point.

48-61 * Time (in days and fractions
prediction point.

67-80 * Time (in days and fractions

prediction point.

T™-LX-123/000/00B

of days) of first

of days) of second

of days) of third

of days) of fourth

NOTE: Only one PRICT card may be used in any run; i.e. the maximum number

of specific prediction times is four.

NOTE: Unneeded time of prediction fields may be left blank.

Time Step Specification Card (If this card is omitted, ESPOD uses

8 variasble time step size in the numeri-

cal integration).
1l-2 01 = Card number.
>-9 TSTEP = Card type.

10-23 * Time step size (in minutes)

to be used through-

out the numerical integration.

Maximum Time Specification Card (If this card is omitted, ESPOD will

automatically disregard observations

which are more than ten days from epoch).

NOTE: An asterisk denotes a floating-point field.

L
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yJ .
i Position Card Type Number Punch

§ 1-2 01 = Card number.
5-8 TMAX = Card type.
10-23 ¥ Maximum time in days and fractions from epoch
for which observations are to be used. (Obser-

vations are disregarded if more than this number

of days from epoch)..
Radistion Pressure Parsmeter Card (This card is only for radiation
pressure perturbations).
1-2 01 = Card number.
5-9 RATPR = Card type.
10-23 * Effective Area of satellite in square meters.
23-42 * Mass of satellite in kilograms.
End Preliminary Data Card
5-9 ENDPR = Card type.
Standard SPADATS Observation Cards. (Not required if no DC is to be done).
NOTE: If observation cards are input, col. 31 of the JDC card must have a
one-punch. If there are less than 650 observations, they may be in
any temporal order; if more than 650, they must be in descending
time order. There is no maximum limit to the number of observations.
End Observations Card (Required only if cbservation cards are input).
L- 5-9 ENDOB = Card type.

NOTE: An asterisk denotes a floating-point field.
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Deck Column
Dosition Card Type Number Punch

N+l
N+2
N+3
N+

Standard SPADATS Sensor Cards
(Standard SPADATS Sensor cards)
(Input 1f and only if one wishes to override or
supplement the sensor file on the SEAI tape).
(1f eensor cards are input, columns 31 and 34 of the
JIC cerd must have & one-punch).
End Sensor Card (This card is input if and only if sensor cards are
input).
5-9 ENDSN = Card type.
End Date Card (Iast card of all ESPOD decks).
5-9 ENDAT = Card type.
End of Deta Card
End of Job Card
End of Schedule Tape Card

Blank Card
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The program provides output on both hard copy and punched cards.

4.3.,1.3.1 Program Printout

Part 1: Lists the input cards, with the columns of the printout corre-

sponding exactly with the columns of the cards.

Part 2: General

a.

Type of observations.

Satellite number and name.

Type of program run (e.g. COLD START or NON-COLD START).

Right ascension of Greenwich at 2400 on day of epoch

(AIPHA G ZERO).

Epoch <ime of the program run.
Initial conditions.

X - Position vector {km).

Y - Position vector (km).

7 - Position vector (lm).

XDOT - Velocity vector (km/sec).

YDOT - Velocity vector (lm/sec).

ZDOT - Velocity vector (lan/sec).

AIPHA - Right ascension (degT._-
DELTA - Declination (deg).
BETA - Flight path angle (deg).
A - Azimuth (deg).

R - Range (km).

V - Velocity {(km/sec).

Geocentric
Inertial
Cartesian

Coordinates

Geocentric

Inertial

Spherical

Coordinates
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CDA/2M {optional) - Atmospheric drag parameter (meter52/
kilogram).

Part 3: Program Constants {optional).

Part 4: Sensor Information (printed if Part 3 is requested).

1. SENSOR NO. - Sensor number.

2. SIGMA TYPE - Standard deviation category applied to the

sensor. |
3. RANGE/RA(FR) - Standard deviation in range/standard devia-
tion in right ascension for a field-reduced observation from
a Baker-Nunn camerva.

4. AZ/DEC(FR) - Standard deviation in azimuth/standard devia-
tion in declination for a field-reduced observation from a
Baker-Nunn camera.

5. EL/RA(PR) - Standard deviation in elevation/standard devia-
tion in right ascension for a precision-reduced observation
from a Baker-Nunn camera.

6. RDT/DEC(PR) - Standard deviation in range rate/standard de-
viation in declination for a precision-reduced observation
from a Baker-Nunn camera.

7. GSUBS - Gross outlier editing criterion for the observations
in terms of N sigma.

8. REFR. FLAG - Refraction correction indicator (1 = applied,
0 = not applied).

9. NSUBS = Refraction index for the time of interest.
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Part 5:

Part 6:

Part 7:

ESPOD
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Observeiion Type

9.

I0 - Sensor number.

T-TO - Time of observation (min. from epoch).

YR, MN, DAY, HR. MIN, SEC - Time observation (Greenwich time).
R - Range (ku’.

A - Azimuth (deg).

EL - Elevation (deg).

R DOT - Range rate (km/sec).

HA - Hour angle (deg), in lieu of azimuth.

D - Declination (deg), in lieu of elevation.

Senescor Locations

1.
2.
3.
L.

ST, NO. - Sensor number.
LAT. - Sensor latitude north (deg).
IONG. - Sensor longitude west (deg).

AIT. - Sensor altitude (meters).

Residuals Print

1.

2.

ID - Sensor number.

DATE - Time of the observation from which the residuals
wvere obuained.

N - Residual number.

RANGE KM - Range residual (km).

AZ,HA TEG. - Azimuth/hour angle residual (deg).

EL,DC DEG. - Elevation/declination residual {deg).
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10.

13.

k.

4=3%T TM-LX-123,/000/00B

RDOT KM/SEC - Range rete residusl (km/sec).

U KM (see notes) - Up component of the position residual
(km) collinear with and positive in the same direction as
the radius vector.

V KM (see notes) - Down component of the position residual
(km), orthogonal to the radius vector, in the orbit plane,
pocitive in the direction of motio...

W KM (see notes) - Cross component of the position residual
(km), normal to the orbit plane and positive in the direc-
tion of the angular momentum vector to complete a right-
handed coordinave system.

VM KM - Magnitude of the position residusl or displacement
vector (km).

DEL T MIN - Time separation of computed and messured posi-
tions (min), assuming Keplerian mean motion.

U DEG - Argument of latitude (deg), ungle from the ascend-
ing node to the redius vector.

BETA DEG. - Residual angle between the measured position

vector and the computed orbit plane.

NOTE: One of three symbols may appear following any nurerical value, indica-

ting deletion of the residual from further calculations:

*

G

-
n

DELETE input deletion.
Gross outlier deletion.

KEMS test deletion.
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NOTE: U KM, V KM, and W KM may be optionally replaced by normal, tangential
and cross-directional components of a vector describing the displace-
ment of the observed with respect to the computed position:

S KM - Vector component (km), orthogonal to the velocity vector
and in the orpit plene, forming & right-handed coordinate
system with T and W.

T KM - Vector component (km), collinear with and in the same direc-
tion as the velocity vector.

W KM - Vector component (km), normal to the orbit plane and in the
same direction as the angular momentum vector.

NOTE: U KM, VKM and W KM may be optionally replaced by components of a

. vector describing the displacement of the sensor which would be re-
quired to reduce the residual to zero.
ST. IAT DEG - Geocentric north latitude displacement (deg).
ST. LONE DEG - East longitude displacement (deg).
ST. HT KM - Height displacement (km above mean equatorial sea level).
Part 8: BEstimates of Mean and Standard Deviations by Sensor and Type.
1. ST. ID. - Sensor number.
2. R - Range values (km).
3. A,HA - Azimuth or hour angle values (deg).
4. E,D - Elevation or declination values (deg).
RDOT - Rarrz= rate values (km/sec).
. MEAN - Arithmetic mean.

p]

6

T. ESTD - Estimeted standard deviation (one sigma) of the mean.
8. NA/NR - Number of observations accepted/number of observations

rejected.
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Part 9: Curve Fit Iteration Summary

1.

Category 1 variables:

AIPHA - Right ascension (deg).

DEITA - Declination (deg).

BETA - Flight path angle (deg).

AZ - Azimuth to inertial velocity vector (deg).

R - Radius vector from geocenter {kas).

V - Velocity vector magnitude (km/sec).

CDA/2M - Drag parameter (meterse/kilogram).

K - Drag variation (secular option: metersa/kilogram/day;
periodic option: metersefkilogram.

DELTA - the corrections applied to each variable.

OID - Numerical values from the previous iteration.

NEW - OLD + DIELTA.

SIGMA - The uncertainty in each variable, computed from the
covariance matrix.

BOUNDS - The constraints epplied to the changes which the
program is allowed to make to the variables.

Category 2 variables:

R - Range (im).

A,HA - Azimuth or hour angle (deg).

E,D - Elevation or declination {deg).

RDOT - Range rate (km/sec).

LAT - Sensor north latitude (deg).
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10.

11.
13.
14,

15.
16.

17.

18.

19.

ESPOD

L-shM ™-1X-123/000/00B

ICNG - Sensor east longitude (deg).

AIl - Sensor altitude (meters).

T - Time (sec).

DELTA, OLD, NEW, SIGMA, BOUNDS - same as for Category 1l
varisbles.

Convergence statement.

Bounds statement.

CURRENT RMS - Current root-mean-square of the residuals.
PREDICTED RMS - The RMS predicted for the next iteration.
BEST RMS - The best RMS so far in the curve fit run.

DELTA V - The velocity correction based on the delta t fit.
RMS DEL T - Current root-mean-square of the time residusls.
PREDICTED RMS DEL T - The RMS predicted for the next itera-
tion.

Correlation matrix, with rows and columms numbered to
correspond to the Category 1 variables.

Covariance matrix, with rows and columns nunbered to corre-
spond to the Category 1 variables.

Run termination statement.

Part 10: Trajectory (or Ephemeris)

1.

2.

3.

Dete and Greeuwich mean time for the data.
Time from zpoch (min).

Time from January O ot the year of epoch (days).
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4. X, Y, Z, XDOT, YDOT, ZDOT - Components of the position (km)
and velocity (km/sec) vector in geocentric inertial Cartesian
coordinates. It is a right-handed orthogonal system where
the X axis is in the direction of the vernal equinox and
the Z axis is in the direction of true north. Coordinates
are true as of 0130 day of epoch.

5. Polar spherical position and velocity coordinates (ADBARV):
ALFA - Right ascension (deg).

DLTA - Declination (deg).

BETA - Flight path angle (deg), positive downward from the
local vertical.

AZ - Azimuth of the velocity vector (deg).

R - Range (km).

V - Magnitude of the velocity vector (km/sec).

6. ALT - Height (km).

7. LAT - Geodetic north latitude (deg).

8. IONE - East longitude (deg).

9. C(Classical osculating elements:

SMA - Semimajor axis (km).

ECC - Eccentricity.

INC - Inclination (deg).

NODE - Right ascension of the ascending node (deg).
OMG - Argument of perigee (deg).

M - Mean anomaly (deg).
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10.

13.

1k,

15.

16.

17.
18.
19.

20.

21.

ESPOD
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UX, UY, UZ - Direction cosines of the position in Cartesian
coordinates, with axes directed as 1n the XYZ system.

RPVX, RPVY, RPVZ - Components in Cartesian coordinates of a
vector in the orbit plane which 1s orthogonal to the position
(r) and angular momentum (h) vectors.

AIAT - Argument of latitude (deg), equals the sum of the
argument of perigee and the true anomaly.

TAU - Time until the next ascending nodal crossing (min.
from epoch).

PRD - Osculating orbital period (min).

Indeterminacy free elements:

1/A - Inverse of the semimsjor axis (E.R.).

D - Scalar product of position and velocity vectors (E.R;%),
equals (R'l;{)-Z-Vﬁ_‘- .

APOG - Apogee distance (km), above a mean equator.

PRG - Perigee distance (km), zbove a mean equator.

ELLIPSE or HYPEREOIA - Orbit ‘s conic form.

XVM, YVM, ZVM, XDVM, YDVM, ZDVM - Selenocentric position
(xm) and velocity (km/sec) coordinates, true as of 01-10 day
of epoch.

Xvs, YVS, ZVS, SDVS, YDVS, ZDVS - Hellocentric position (km)
and velocity (km/sec) coordinates, true as of 01-10 day of
epoch.

DVFM - Distarce from the vehicle to the selenccenter (moon)

(¥om).
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22.

23,

2k,
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DVFS - Distance from ‘ne vehicls to the heliocenter (sun)
(xm).

In addition to the above items, the following are optional:
ORBIT PLANE SIGMA AND RHO MATRIX - A matrix of standard
deviations (diagonal terms) and correlation coefficients
(off-diagonal terms) related to the UVW Orbit Plane coordin-
stes:

U - Position vector (up) component (km) in the direction of
and collinear with the radius vector.

V - Position vector (down) component (km) in the direction
of motion and orthogonal to the radius vector in the orbit
plane.

W - Position vector (cross) component (km) normal to the
orbit plane in the direction of the angular momentum vector
to complete s right-handed coordinate system.

UDOT - Velocity vector of U.

VDOT - Velocity vector of V.

WDC - Velocity vector of W.

CDA/2M - Drag parameter (metersE/kilogra.m).

or

K - Drag variation parameter (for secular option: metersz/
kilogram/day; for periodic option: metersefkilOgram).
EIGENVECTORS OF U, V, W COVARIANCE MATRIX - Direction cosine

components with respect to the U, V, W axes for the orthogonal

axes of the error ellipscid defined by the covariance matrix.
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25.

27.

28.

4-34Q ™-1X-123/000/00B

SQUARE ROOTS OF THE EIGENVALUES - Represent the lengths of
the orthogonal semi-principal axes of the error ellipsoid.
TO ALIGN U, V, W WITH THE PRINCIPAL AXES - A series of
ordered rotations which will reposition an observer, facing
initially in the positive V direction, to a new orientation
facing along the error ellipsoid's nearest principal axis:
YAW RIGHT -~ (deg).

PITCH DOWN - (deg).

ROLL CIOCKWISE - (deg).

POLAR SIGMA AND RHO MATRIX - A matrix of standard deviations
(diagonal terms) and correlation coefficients (off-diagonal
terms) related to the Polar Spherical coordinates: ALPHA,
DELTA, BETA, AZ, R AND V.

CARTESIAN SIGMA AND RHO MATRIX ~ A matrix of standard devia-
tions (diagonal terms) and correlatior coefficients (off-
diagonal terms) related to the geo:i-ntric inertial Cartesian

coordinates: X, Y, Z XDOT, YDOT, ZDOT.

4.3.1.3.2 Punched Csrds

The program provides punched card >utput in three formats.

Part 1: Seven-card Element Set

The program provides OLD or NEW osculating elements, us requested in col. 46

of the JDC card.

Part 2: Soluticn Parameters

The program provides a record of data from a run in a format identical with




ESPOD

14 August 196k h-34R T™-LX-123,/000/00B

selected input card formats, for use in subsequent input decks. The data are
grouped by iteration, and each output card contains the iteration number in
cols. 3-4. The output cards can be read by referring to the corresponding
input cards: ICOND, DRAG, BISES, BNDS. ICTYP, ITIME, SMAT, UPMAT.

Part 3: DAC Parameters
The program automatically provides the second and third card of a 3-card DAC
set when DAC cards are input to supply the desired update times. The first
card must be provided by the Analyst before using this output as Input to
arother program (see Message Header card for the GIPAR program). The output

cards can be read by referring to the corresponding input cards.
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k.3.2 INITIAL ORBIT DETERMINATION FROM ARGULAR FIXES - IOANGLE
4.3.2.1 Purpuse

The IOANGLE program computes an element set describing a satellite orbit from
three angulsr position fixes from the same sensor on the same revolution (e.g.,
telemetry data). The element set is then differentially corrected using

additional observations.

4.3.2.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1l Schedule Tape Card
Job Card

Remarks Card
Program ID Card
1-6 SPSJ¢B
9-15 IGANGLﬁ
17 0 = Parameter card, Observation cards and

S-file tape inputs.

2 = Parameter card, Observetion cards and
Sensor cards inputs
18 0 = Hardcopy and punched cards output
80 = Card type
5 Parameter Card 1
1-3 Satellite number
L-6 Element set number
T 0 = Circular approximation only
1 = Circular approximation and elliptical
sector-to-triangle approximation
8 0 = No differential correction
1 = Differential correction

9-18 Satellite name
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Deck

Column

Position Card Type Number Punch

oo o 9 O

23-36  Epoch revolution (floa.ing point)
41-48 Minimum time between observations in the
initial orbit computation
80 F = card type
Parameter Card 2

24-36 Final revolution (floating point)

6T 0 = Correct the inclination
1 = Do not correct the inclination
80 P = Card type

End of Case Card

End of Job Card

End of Schedule Tape Card
Blank Card

4.3.2.3 Output

Program printout consists of four parts.

4.3.2.3.1 Part 1

The first part contains:

1. For each input observation; obs number, sensor identification, obs

date, and observed angles.

2. Preliminary elements using the circular approximation input cption:

a
b.

[o TR ]

o S S T

M12, the geocentric angle between the observations in radians
semi-major axis in earth radii (A)
inclination indegrees (INCL)
node in degrees (NODE)
period in minutes (P (MIN))
a__, a__ components (AXNO, AYNO)
xn’ “yr
components of angular momentum vector (HXO, HYO, HZO)

mean longitude in degrees (LO)
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3. or, elements using first circular and then the sector-to-triangle

method (input option):

a.
b.

om0

i.
Je

4.3.2.3.2

semi-major axis in earth radii (A)
eccentricity (E)
inclination in degrees (1)
node in degrees (NODE)
argument of perigee in degrees (OMEGA)
time of nodal passage in minutes (TN)
riod in minutes (P (MIN))
8, ayn’ components (AXNO, AYNO)
components of angular momentum (HXO, HYO, HZO)
mean longitude (I0)

Parts 2-4

Parts 2-4 of the printed output contains the differential correction with

further observations and corresponds to Parts 1-3 of the SGPDC program (see
section 4.3.8.3).
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%.3.3 INITIAL ORBIT BY HERRICK-GIBES - IOHG

4.3.3.1 Purpose

The IOHG program computes an element set describing a satellite orbit from three
or mcre three-dimensional fixes from the same sensor on the same revolution
(e.g., tracker data). The element set is then differentially corrected using

additional observations.

4.3.3.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
1-6 SPSI@B
9-12 IOHG
17 0 = Parameter card, Observations cards and

5-file tape inputs.

18 0 = Hardcopy =2nd punched cards output
80 - Card type
5 Prcgram Card 1
1-3 Space Track number
& Element Set number
8 1 = Corresponding Element card number

g9-18 Object name {optional)
36 Epoch revelution
79 1 = Second, next to last and median observa-

tions used in orbit computation

2 = Third, second to last and median observa-
tions used in orbit computation
80 P = Card type
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Deck Column
Position Card Type Numher Punch
6 Parameter Card 2
8 L = corresponding Element card number
9.-22 C-term
&80 P = Card type
T Parameter Card 3
8 7 = Corresponding BElement card number
29 Initial revolution number
36 Final revolution number
67 0 = Correct all elements
1 = Set the I-stop
2 = Set the C-stop
4 = Correct mean motion
80 P = Card type
8 Data cards:
a. Parameter card
b. Observation cards (min. = 3 from one sensor, in order of in-
creasing time)
9 End of Case Card
10 End of Job Card
11 End of Schedule Tape Card
12 Blank Card

4.3.3.3 Qutput

The program printout contains 4 parts.
4.3.3.3.1 Part 1

Part 1 contains the lollowing information
1. Satellite name and numnber
2. Element set number

3. Time of epoch
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4eb3

. SPACETRACK elements (initial orbit)

a.
b.

[STRENN ¢ ]

¥ om0

i.

Revolution number

Semi-major axis, a (earth radii)
Eccentricity, e

Inclination, i (degrees)

Nede, O (degrees)

Omega, w (degrees)

Drag, C_ (day/revz)

Perigee altitude (statute mi.)

Anomalistic period, Pa (min.)

5. N, M elements

a.
b.

d.

Revolution number
Mean longitude, L (radians)
A , A components

yn

Xn
Angular momentum components (Hx’ Hy’ Hz)

4.3.3.3.2 Parts 2-4

IOHG

™-1X-123/000/00

Parts 2-4 of the printout correspond to parts 1-3 of the SGPDC printout
(see section 4.3.8.3).
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b.3.4 INITIAL OREIT DETERMINATION FROM INDEPENDENT RADAR FIXES -~ IORF

4.3.4,1 Purpose

The IORF program computes an element set describing a satellite orbit from two
or more radar fixes, which may come from different stations or occur during
differert revolutions. The element set is then differentially ccrrected using

additional observations.

k.3.4.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Kumber Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
i Program ID Card

1-6 SPSJ@B
9-12 IORF
17 0

Parameter card, Observation cards and S5-

file tape inputs.

2 = Parameter card, Observation cards and
Sensor cards inputs.
18 = Hardcopy and punched cards output
8o = Card type
5 Parameter Card 1
1-3 Sotellite number
L-6 Element set number

9-18 Satellite name
23-36  Epoch revolution

79 0 = No differential correction
1l = Differential correction
80 P = Card type

NOTE: All inputs are right-adjusted.
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Deck Column
Position Card Type Number Punch
6 Parameter Card 2
9-22 Drag term, C, (days)}; if unknown, use zero

23-24k M, maximum number of solutions desired

2k-36

33 (min.), magnitude of the difference bhetween
the computed ard observed times between the
two positions.

37-48 € (km.), distance of the third position fix
from the computed crbit

49-60 m, number of parts into which to divide the
interval between minimum p and maximum p

80 P = Card type

NOTE: If blank, the program assumes M = 1.0, €, = .001 min., €, = 100km.

3 4

and m = 50,

T Parameter Card 3
23-36 Predicted revcolution number (see DC output)

67 0 = Correct the inclination
1 = Do not correct the inclination
8o P = Card type

8 Data Cards:
a. Input Option 0O:
(1) Observation cards
b. Input Option 2:
{1) Observation cards

(2) Sensor cards

9 End of Case Card
10 End of Job Card
11 End of Schedule Tape Card

12 Blank Card
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L.3.4.3 Output

Printout of this program contains 4 parts.

4,3.4.3.1 Part 1

The first part contains:

1. Observations to be used

a.
b-

C'

cbservation numbers
time of observations to thousandths of seconds

X, ¥, 2 and r in earth radii

2. Initial elements

o
.

(TR ¢

JoMm H o

§.3.4.3.2

Parts 2-L

semi-major axis in earth radii
eccentricity

inclination in degrees

node in degrees

omega inr degrees

Tn, time of first node after T., days since 1950

1

Ll’ longitude of first observation in degrees
a

%n’ “yn’

angular momentum components (Hx’ Hy, Hz)

Tl’ time of first observation, days since 1950

revolutions between cbservations

perifocal distance (q) earth radii

semi-latus rectum (p) earth radii

mean angular motion {n) radians/min

a drag coefficient {c")

Parts 2-4

section 4.3.8.3).

IORF

™-LX-123/000/00

of the printout correspond to parts of the SCPDC printout (see
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%.3.5 LOCKHEED VECTOR COORDINATES - LOCVEC

k.3.5.1 Purpose

The LOCVEC program computes the predicted position and velocity of a satellite
for the Satellite Control Facility (SCF) from a seven-card clement set. The
output is a special binary teletype tape which is used as an input to the CDC

computer at SCF.

4.3.5.2 Input - Schedule Tape Mode (Toggle 24 On)

Deck CoJlumn
Position Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
17-19 RUN
25-30  IOCVEC
31-35  ,DATA
5 Request Card (max. = 500, requires one for each element set)
i-3 SPADATS object number {optional)

First digit of STC#*satellite number, or
9 = SPADATS number used
1¢-12  Sateliite number (last two digits)
13-20 Satellite name

21-24  Country of origin

6 End Request Deck Card
8 Any of the digits 1-9
T Element Set Curds {max. = 500 sets)
8 Blunk Card
9 End cf Datu Card
10 End of Job ~ard
11 End of Schedule Tupe Cerd
12 Blank Card

At

* Junnyvale Track Center = Satellite Control Facility
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L.3.5.3 Output

There are two ocutout lines printed for each satellite. The order is the same
as that of the request deck. FEach line contains:

1. Satellite number

2. Sunnyvale Tracking Center number, or if preceded by 9, the SPACETRACK
nurber
Element number
Month, day, hour of epoch

Seconds since start of epoch mcnth

ON W oW

Epoch revolution

-

x, ¥, 2 coordinates in feet

8]

Velocity components in feet per second
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4.3.6 RADAR ORBIT COMPUTATION - ROC

h.3.6.1 Purpose

The ROC program computes an initial orbit from a radar track or from geo-
centric rectangular coordinates and velocities. There is no differential

correction of the computed element set.

4.3.6.2 Input - Schedule Tape Mode (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape Card
2 Jop Card
3 Remarks Card
b Program ID Card
17-19 RUN
25-27 ROC
28-32  ,DATA
5 Parameter Card
1-3 Number (odd) of observation cards to be input

(from 3-999); required only for input option 1
6-17 Satellite name
18-35 Date of computation
h1 1
42 1

Element cards output

print x, y, 2z, X, y and % for the mean

of the chservations
6 Data Cards:

a. Input Option 1:
(1) Sensor cards
(2) Observation cards
b. Input Option 2:
(l) Rectangular Coordinate cards
1-14  x (km.), including decimal point
15-28 y (km.), including decimal poir*
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Deck Column
Position Card Type Number Punch

23-42 = (km.), including decimal pcint
43-46 Year of epoch

(2) Velccity Component cards
1-14  x (km./sec.), including decimal point
14-28 ¥ (km./sec.), including decimal point
29-42 2 (km./sec.), including decimal point
43-56 Day of year of observation (in days and

fractions), including decimal point

7 End Card
79 9 = Card type
8 End of Data Card
End of Job Card
10 End of Schedule Tape Card
11 Blank Card

4.3.6.3 OQutput

Program printout consists of the normal Radar Orbit Computation plus one extra

option.
4.3.6.3.1 Normal Printout

The ncrmal printout contains:

l. Satellite name and number.

2. Semi-major axis (km and earth radii).

3. Period (Pn in days)-

4. Perigee and apogee (in km usnd earth radii).
5. Right ascension of ascending node (deg.)
6. Argument of perigee (degrees).

7. Time of last perigee pass (days).

8. Time of last nodal crosing (days).

9. Radius vector (km).

10. Velocity (km/sec)
11. Inelination (degrees).

12. Eccentricity (e) and &




ROC

4 May 196k L-59 ™-1X-123/000/00

4.3.6.3.2 Optionel Output
The optional printout contains the geccentric rectangular coordinates (x, ¥, z) and

the velocity components with the time of the observation.
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4.3.7 SEAI TAPE FILE MAINTENANCE - SEAI

4.3.7.1 Purpose

The SEAI program generates a new SEAI tape or modifies an existing SEAI tape
by replacing, adding or deleting data.

4.3.7.2 Input - Schedule Tape Mode (Toggle 24 On)

The SEAI program may be run in the Regular or the Special input mode. The
Special input mode is used exclusively to add an element set to the SEAI

files on a foreign launch. Toggle 47 On = Build new SEAI tape. Toggle 47
Off = Update old SEAI tape.

4,3.7.2.1 Regular Input Mode {Toggle 4l Off)

Deck Column
Pogition Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarlks Card
i Program ID Card
17-19 RUN
25-28  SEAI

29-33  ,DATA

5 Sensor Card (optional)

6 Element Set Cards (optional)
7 Acquisition Card (optional)
8 Information Card (optional)
9 Delete Card (optional)

10 End Card

1-3 END

11 End of Data Card
12 End of Job Card

13 End of Schedule Tape Card
14 Blank Card
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4.3.7.2.2 Special Input Mode (Toggle 4b On)

Deck Column
Position Card Type Numb:-r Punch
1l Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
17-19 RUN
25-28  SEAI
29-33  ,DATA
5 Parameter Card
1l U, Blank = Unclassified
E = Unclassified EFTO
C = Confidential
F = Confidential/NoForn
S = Secret
N = Secret/NoForn
2 D = Deferred
R = Routine
P = Priority
0 = Immediate
Z = Flash
3 K = Launch area

T, Blank = Launch area
L Z = Send flash bulletin to DIA/CIIC
NOTE: Used only when launch deviates from nominal inclination by 5 degrees

or mere, or when launch area appears to be other than K or T.

5 T, Blank = Transmitting
N = Non-transmitting

80 P = Card type
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(Page L4-64 Blank)
Deck Column
Position Card Type Number Punch
6 Element Set Cards
T End Card
1-3 END

End of Data Card

End of Job Card
10 End of Schedule Tape Card
11 Blank Card

4.3.7.3 Output

No printed output is generated by this program except for rejected input cards.
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4.3.8 SIMPLIFIED GENERAL PERTURBATIONS IMPHEMERIS WITH DIFFERENTIAL
CORRECTION - SGPDC

4.3.8.1 Purpose

The SGPDC program computes the best fitting orbit (in the lemst squares sense)
to a set of observations. All or any of the six elliptical elements and the
drag parameter may be corrected. The program converges On s many parameters

as possible.
4.3.8.3 Input
4.3.8.2.1 Automatic Mode - in an OCS sequence

a. Observations from the SRADU tape.

b. Sensor coordinates from the S-file tape.

c. Satellite numbers from the SATTB tape.

d. Corresponding element sets from the E-file tape.
e. O0CS Toggle number = Desired OCS sequence.

4.3.8.2.2 Schedule Tape Mode (Togzle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
4 Program ID Card

1-6 SPSJPB
9-13 SGPDC
17 0 = Batellite Number cards, S-file, E-file

and SRADU tape inputs

1l = Satellite Number and Observation cards and
5-file and E-file tape inputs

2 = Observation Number and Element Set cards
and S-file and SRADU tape inputs

3 = BElement Set and Observation cards and S-

file tape inputs.
NOTE: When using Element Set Cards: cols. 23-36 of the Tth card should be

blank and col. A7 of the Tth card should specify the desired correction.
When using the E-file tape: +, -, E or N must be input by flexowriter.




SGPDC

L May 1964

Deck
Position

L-66 T™- IX-123/000/00

Coluun
Card Type Number Punch

AV e e « B B S

L = Satellite Number and Observation Number
cards and S-file, E-file and SRADU tape
inputs

18 0 = Hardcopy and punched cards output

1]

Angle residuals in degrees

80

Card type
Data Cards:
a. Input Option O:
Satellite Number cards
b. Input Option 1:
Satellite Number cards
Observation cards
¢. Input Option 2:
Observation Number cards
Element Set cards
d. Input Option 3:
Element Set cards
Observation cards
e. Input Option k:
Satellite Number cards
Observation Number cards
Erd of Case Card
End of Job Card
End of Schedule Tape Card
Blank Card
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SGPDC

5.3.8.3 Output

Printout from the program contains three separate parts.

4.3.8.3.1 Part 1

The first part is the differential correction residuals and contains the

following guantities for each case:

1.

2
3,
4

MO O N oW

1C.
11.
12.

Tag and sensor number

Time of observation to hundredths of seconds

Association status {RA)

Rejection indicator (RJ) - asterisk indicates rejection of at least
one residual. The residusl rejected will appezr with an asterisk also.
Range residuals (km)

Right ascension and declination residuals (km.) or azimuth
Elevation residuals (km.)

Range rate residusl (km/sec)

Vector magnitude (km.)

Delta t (minutes)

Mean latitude (u)

Qut-cf-plane angle (BETA)

4.3.8.3.2 Part 2

Part 2 contains corrective quantities =~nd elements as follows:

1.
3.
4.

AWa
.

6.

RMS and RMS2

a/n (mean angular velocity)

Ay B2 (components of a)

AU, (mean latitude)

Changes in node, inclinetion and drag term

Correcred elements (if they are corrected) revolution number, case number,

L, To, a, e, i, Q, w, Co’ perigee altitude, PA'

4.3.6.3.3 Part 3

Part 3 is a summary sheet which contains in addition to a printout like

Part 2 old RMS values, old elements, rate of change of omega and node,

and summary notes.
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4.3.9 CPIRAL DECAY - SPIRDECB

(The input and output information for the SPIRDECB program will be included

in this document when the program becomes operstional.)



SPWDC

b May 196k 4-73 ™-1X-12 3/000/00

k.3.10 SPECIAL PERTURBATIONS WITH WEIGHTED DIFFERENTIAL CORRECTION - SPWDC

4.3.10.1 Purpose

The SPWDC program corrects a given element set and computes predicted satellite
positions. The differential correction is accomplished using a least square
fit of observations which have been weighted by the Observation Weighting pro-
gram (OBSWGT). The emphemeris and prediction computations use a special
perturbations variation of parameters formulation. This requires that only
the perturbations in the elements be integrated at each integration step
instead of the whole force field as is required by an Encke method. All
integrations are numerical and can take place in either & backward or forward
direction. The perturbations included are:

a. Barth Bulge

b. Drag (1942 NASA atmosphere)

¢. Radiation pressure
There are two types of prediction:

a. By time in which the start time, number of pecints and time between

points are specified.
b. By station pass, in which a closest point of approach (CPA) point

and points on either side of the CPA point are computed.
4.3.10.2 Input - Schedule Tape Mode Only (Toggle 24 On)

Deck Column
Position Card Type Number Punch
Schedule Tape Card

Job Card

Remarks Card

L A

Program ID Card
1-6 SPSJ@B
9-14 OBSWGT

17 0 = Purameter cards, Satellite Number cards,

and S5-file, E-file and SRADU tape inputs.
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Deck Column
Position Card Type Number Punch
17 1 = Parameter cards, Element Set cards, and
(cont'd) S-file and SRADU tape inputs
2 = Parameter cards, Satellite Number cards,

Sensor cards, and E-file and SRADU
tape inputs

3 = Parameter cards, Sensor cards, Element
set cards and SRADU tape inputs .

4 = Parameter cards, Observation cards,
Satellite Number cards, and S-file
and BE-file tape inputs

5 = Parameter cards, Observation cards,

Element Set cards and S-file tape inputs

On
1]

Parameter cards, Observation cards, Sensor

cards, Satellite Number cards and E-file

tape inputs

T = Parameter cards, Observation cards, Sensor
cards and Elem:1t Set cards inputs

8 = Parameter cards, Element Set cards and S-
file tape inputs

9 = Parameter cards, Satellite Number cards,

and S5-file and E-file tape inputs

18 0 = Hardcopy and punched cards output
5 OBSWGT Parameter Card
1-5 SPWDC
9-11 Satellite number (opticnal)
12 0, Blank = Weighting Tape input
1 = Use Gensor Weighting Data in OBSWGT Weight
file
9 0, Blank = Use Observation weights in SPWDC

1 = Do not use observation weights in SPWDC

80 P = Card type
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Deck Column
Position Card Type Number Punch

6 Vehicle Characteristic Card (required only for DC option)
1-k42 Remarks
4h3-52  Diameter of Satellite (in meters)
53-62 Mass of satellite (in kilograms)
63-72 Reflectivity
79 a
80 P
NOTE: If the Vehicle Characteristic card is omitted, the program assumes

Mass = 10.0 kg., Diameter = 1.0 weters and Reflectivity = 1.0.

Parameter card number

Card type

T Differential Correcticn Parameter Card (required only for DC)
1 Blank = Variable At integration
1 = Fixed At integration
2-11 Delta t (min.), plus (+) or minus (-)

12 0 = Do not compute bulge perturbation
1 = Compute bulge perturbaticn

13 0 = Do not compute drag perturbation
1 = Compute drag perturbation

14 0 = Do not compute radiation pressure

perturbation
1 = Compute radiation pressure perturbation
15 0, Blank = New epoch is revolution in cols.

16-29 of this card

1 = New epcch is time in cols. 16-29 of this
card
2 = New epoch is time of last observation

16-29 Time (days) since 1 Jan., or

Absolute revolution number, or

Blank if col. 15 of this card has a 2 punch
30 0, Blank = Do not correct n

1 = Ccrrect n
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Deck Column
Pesition Card Type Number Punch
7 (Cont'd) 31 0, Blank = Do not correct a_
1 = Correct &
3R 0, Blank = Do not correct ayN
1 = Correct ayN
33 0, Blank = Do not correct U0
1 = Correct U0
34 0, Blank = Do not correct (0
1 = Correct Q0
35 O, Blank = Do not correct i
1 = Correct 1
36 0, Blank = Do not correct m
1 = Correct m
3T Maximum number of correction
38 0, Blank = n is not the only first pass
correction
1 = n is the only first pass correction
39 0 = No Aq check
1 = Ag check

NOTE: Cels. 36 and

39 are used

Yho-47
48-55

H6-63
6h-71

T2

79
80

only if 6 or 7 elements are corrected.

Maximum Aq (km.)

Absolute maximum azimuth, elevation and range
residuals (in kilometers)

Absolute maximum range rate residual (in
kilometers/second)

RMS multiplier

0, Blank = No residual output

1 = First and last residual output
2 = All residuals output

3 = Parameter card number

P = Card type



SPWDC

L May 1964 L-T7 ™-1X-123/000/00
Deck Column
Pogition Card Type Number Punch
8 Absolute Error Parameter Card
1-10 ap (Absolute Error criteria)
11-2¢ a
]
X
21-30 a
Y
31-40 a,
z
k1-50 a,
X
1.
51-60 8y,
Y
61-T0 a,
b2
T9 4 = Parameter card number
80 = Card type
NOTE: If the Absoclute Error card is omitted, the program assumes
I _ _ ~8
ay = 10 7, aE = éb = 10
9 Relative Error Parameter Card
1-10 r. (Relative Error criteria)
11-20 r
a
X
21-30 r,
Y
31-40 r,
2
k1-50 r,
X
(-‘ —-—
51-61 r,
Y
61-70 ry
Z
79 5 = Parameter card number
80 P = Card type



SFWDC

L May 1964

Deck

Column

k-8 ™~ LX-123/000/00

Position Card Type Number Punch

10

11

Time Prediction Parameter Card 1 (Prediction-by-time option only)

~
L

2-11

13

1k

16

17

18

19

9
80

plank = Variable At integration
1 = Fixed At integration

Delta t (min.); plus (+) or minus (-)

Do not compute bulge perturbation

Compute bulge perturbation

Il

Do not compute drag perturbation

= O = O
li

I

Compute drag perturbation

o
I

Do not compute radiation pressure

perturbation

1 Compute radiation pressure perturbation

Print option - sum the desired options:

1 ="Print t, r, 1
2 = Print t, a, e, 1, 1, w, U
L =

Print T, ¢, AE, h

0, Blank = No binary tape output

1 = Binary tape output

0, Blank = Do not compute prediction reliability

1 = Compute prediction reliability (must have
weighted 6 or T element DC including the
drag term)

0, Blank = Do not punch r, t

1 = Punch r, t

6 = Parameter card number

P = Card Lype
It

Time Prediction Paramever Card 2 {Prediction-by-time option only)

1-12
13-20
21-2k
79

80

Time {in days) since 1 Jan.
Delta t (min.)

Number of output points

T = Parameter curd number

P = Card type
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Deck Column

Position Card Type Number Punch
12 Station Paas

option only)

Prediction Parameter Card 1 {Prediction-by-station

1 Blank = Variable At integration
1 = Fixed At integration
2-11 Delta t (min.)

12 0 = Do not compute bulge perturbation

Compute bulge perturbation

13

Do not compute drag perturbation

Il

Compute drag perturbation

O O
|

14 Do not compute radiation pressure
perturbation

1

[}

Compute radiation pressure pertu.cbation
15-16 Print opti n - sum the desired options:

1
2
L

8
= No binary tape output

]

Print t, r, T

Print t, 2, e, 1, i, w, U
Print t, @, ;\F, h

Print t, p, p, A, h

"

U

17
= Binary tape output
18

= Do not compute prediction reliability

e

= Compute prediction reliablility (must
have weighted 6 ot 7 element DC including
medmgtam)

19-22 Blank Station Pass Prediction Parameter

I

Card 2 provides sensor input
X000

23-32  Number of pusses
33-42 Delta t (min.), either side of closest

S-file tape provides sensor input

approach
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Deck Column
Position Card Type Number Punch

43-52 Delta t (min.), output per delta t (must have
weighted 6 or T element DC ircluding the

drag term)
53-62 Minimum height (deg.)
9 8 = Parameter card number
80 P = Card type
13 Station Pass Prediction Parameter Card 2 (Prediction-by-station
option only)
1-4 Station number

5-14 ¢N° (station latitude)
15-2k AWO (station longitude west)
25-34 H (meters) (station height)

e 9 = Parameter card number
80 P = Card type
14 Program Execution Parameter Card
1 0, Blank = No differential correction
1 = Run differential correction
2 0, Blank = No prediction
1l = Compute time predi~tion

2 = Compute station predietion
3 O = Print t, U, B for 1lst pass
1 = Print t, U, B, Ae, &y cos §, Aé,
Ay cos h (km.), A5 (km.) for 1st pass
2 = Print At, U, B, Ae, Ay cos 8, A€, Aw cos h
(deg.), A8 fdeg.) for all passes
3 = Print At, U, B, Ae. U, Ae. V, Ae. a Ae, Ao cos b
&é, Ax cos h (deg.), Aé {deg.) and means
for all above values for 1lst pass only
78-79 10 = Parameter card number
&0 P = Card type
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Deck Column
Position Card Type Number Punch
15 Observation Cards (optional)
16 Sensor Cards (optional)
17 Satellite Number Cerds (optional)
18 Element Set Cards (»ptional)
19 End of Case Card
20 End »f Job Card
21 End of Sclhiedqule Tape Card
22 Blank Card
4,3.10.3 OBSWGT Weighting Tape Format
Deck Column
Pogsition Card Type Number Punch
1 Program ID Card
1-8 TOWEIGHT
9 11, 8, 2 punch = Card type
2 Observation/Sensor Weighting Card (in lieu of Function Weighting cards)
1-3 Sensor number
b 0 = Sigma data is for all observations from
the specified sensor
2 = Sigma data is for the next observation
only
9-16 o, =P (xm.)
17-2k o, = f (km./sec.)
25-3 o, = A% or o°
33-40 o = h® or §
b1 11, 8, 2 punch = Card type
NOTE: If a sigma value is not input, leave the field blank.
3 Function weighting card 1 (im lieu of Observation/Sensor Weighting card)

1-3 Sensor number

b 1 = Parameter data is for a function

5 0, Blank = Last parameter is contained on
this card

1l = Next card is also a parameter card
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Deck Column
Position Card Type Rumber Punch

9-16 Function ID (left adjusted)
17-80 Parameter (follow the last parameter by

an 11, 8, 2 punch)

L Function Weighting Cards 2-10 (in lieu of Observation/Sensor
Weighting card)
1-3 Sensor number
L 1 = Parameter data is for a function

9-16 Function ID
17-24  9th parameter (if appropriate)
25-32  10th parameter, followed by an 11, 8, 2 punch

4.3.20.4 Output

The maximum program printout consists of differential corrcection output,

rrediction output, prediction reliability output, and error comments.

4.,3.10.4.1 Differential Correction Output
The differential correction output may appear in several different forms
depending on the input option selection. Basically, two formats are avail-

able and the other opticns add or subtract information from them.

4.,3.10.4.1.1 Type 1
The first type of printout consists of the residuals for all of the observations,
followed by the RMS and corrections to the elements, and the corrected elements.

The format of the output is like that of SGPDC (see section 4.3.8.3)

4.3.10.4.1.2 Type 2
The second type of differential correction ocutput contains the following
information:
1. Station number
2. Time of observation
3. Residusls for U, V and W in kilometers where U is the unit vector along
radius vector, V is the transverse unit vector, and W is the unit
vector perpendicular to the orbit plane.
4. Range, range rate, and angular residual means and standard deviations.

5. U, V and W residual means and standard deviations.
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4.3.10.4.2 Prediction Output

For prediction by time there are three output options which may be requested
separately or in combinaticn. These contain in addition to time:
1. First option
a. Position (X RADIT, Y RADII, Z RADII)
h. Velocity (XDOT RAD/KEMIN, YDOT RAD/KEMIN, ZDOT RAD/KEMIN)
2. Second option
a. Osculating orbital elements
a (ARADIT)
e (E)
i (I DEG)
Q (NODE DEG)
w (OMEGA DEG)
U (U DEG)
3. Third option
a. OSubsatellite track

@ (PHI DEG)
g (LAMBDA DEG)
h (H KM)

For prediction by station pass there is an additional option tc output:
1. Time

2. Acquisition coordinates - p, p, A, h
4.3.10.4.3 Prediction Reliability Output (not currently used)

The optional prediction reliability output will priut at each prediction
point:

1. Standard deviation in predicted position.

2. Standard deviation in predicted velocity components.
These values will be given referred to the cross-track, in-track, and out-
of-planc coordinates and also referred to the inertial x, y, 2 coordinate

system.

L.3.10.4.4 Error Comments

All error printouts by the program are sclf-explanatory and need not be listed.
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4.3.11 ORBITAL INTERSECTION - XROADS
4.3.11.1 Purpose

The XROADS program computes the point of closest proximity between two orbits,
and operates in one of four modes:
a. "Primary" Mode - the program establishes a positior and time of
intersection or closest approach of two orbits. |
b. "Test Case" Mode - the program computes the elements of a second
orbit, given an initial orbit and the intersection parameters.
¢. '"Direct Entrance to Function Minimization" Mode - when the time
of intersection is known quite accurately, the program goes
directly to the final stages of proximity computation.
d. "Ephemeris Computation Only" Mode - the program computes

ephemerides in position and velocity for given element sets.
4.3.11.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Number Punch

1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
1-6 SPSJ@B
9-14  XR@ADS
17 0 = Parameter cards and Element Set cards
input
1 = Parameter cards, Satellite Number cards
and E-file tape inputs.
18 0 = Hardcopy output
80 = Card type
5 Parameter Card Number 1

T 1l = Parameter card number
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Deck Column
Position Card type Number Punch
5 (Continued) 8 0 = Primary mode case

1 = Test mode case

2 = Direct mode case

3 = Ephemeris mode case

9-12 Year of estimated intersection (if zero,

program computes value)
